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TKASSLATOR'S PREFACE. 



Not many years ago, when the uses of steel 
were confined to the manufacture of tools, 
cutting instruments, etc., there were few quali- 
ties of steel ; and cast steel, tilted steel, and 
some German steels especially employed for 
the manufacture of files, scythes, etc., were 
the only compounds of iron and carbon known 
under the name of steel. 

The enormous progress made recently in 
iron metallurgy and in metallic constructions, 
has prompted the employment in large quan- 
tities of new kinds of steel, endowed with 
properties of resistance and flexibility hitherto 
unknown and unsuspected, and at a cheapness 
of cost which has allowed their use for rails, 
large pieces of machinery, railroad tires, plates 
for boilers, ships, bridges, etc. 
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These improvementa are tliie to the energy 
of some inventoi's, and to their complete 
knowledge of the nature and composition of 
the metal with which they were working. 
The scientific principles by which their efforts 
were directed were the same, the methods to 
arrive at the result were different. 

These new steels, whose properties were so 
different from those hitherto known, made 
many persons inquire if they were really 
steels, or some particular kinds of iron. This 
depends on definitions : we Aall call them 
steels, if wc continue to consider as — 

Iron, the fibrous or granular metal known 
under that name, combined with a trace of 
carbon (all commercial irons contain carbon), 
and which cannot be hardened by the harden- 
ing process. 

Steel, the combination of iron with an aver- 
age of one per cent, of carbon, which can be 
hardened and melted. 

Pig iron, the combination of iron with three 
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TKAXSLATOKS PKJiFACE. V 

to five per cent, of carbon, which can be melted, 
and possesses scarcely any malleability. 

A very small change in the proportion of 
carbon will affect the properties of steel, which 
will be exemplified in the course of this work. 
Nevertheless, Mr. Landrin takes cast steel as 
a type, because of all known steels its proper- 
ties and composition are the most constant. 

Beginning with a history of steel, the Au- 
thor next examines the various fuels employed 
in metallurgy, the substances which in the ore 
and the fuel are capable of influencing the 
qualities of iron and steel, the different ores 
in use, and then passes to the theory of the 
formation of steel, with citations from a work 
on steel by Ef5anmur, published in 1722. This 
ancient work may be read with advantage 
even at the present day, as pointing to the 
futility of certain secrets and mixtures for 
making steel, by which many persons are yet 
deceived. 

The theory of the formation of steel is fol- 
lowed by a method of quantitative analysis for 
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iron, steel, or pig metal, by the metallurgy of 
natural, puddled, cast steel, and Wootz steel, 
special attention being given to tlie manufac- 
ture of pots for casting, and by the new pro- 
cesses known under the names of Chenot, Bes- 
semer, Uchatius, etc. 

After examining cerlain mixtures of steel 
with other metals, Mr. Landrin, Jr., fully ex- 
plains the various operations by which steel is 
welded, hardened, and tempered ; and finally 
describes some of the uses to which steel is 
applied, such as the manufacture of files, steel 
wire, steel plates, needles, and saws. 

Within a small compass, Mr. Landrin gives 
an insight into the whole question of the 
manufacture of steel. Formerly, the steel 
manufacturer had only to buy some well- 
known mark of iron, cement and cast it; but 
the present state of steel industry, where the 
pig iron is sometimes run directly from the 
blast furnace into the converter, requires a 
knowledge of the ores and fuels employed for 
producing the raw metal. 
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To extend the knowledge of a metal so 
necessary as steel, has been the aim of the 
Author, and we hope our readers will find 
this book useful to them. 

In order to convey an idea of the present 
state of steel industry, we have added some 
extracts from the valuable report made by Mr. 
Abram S. Hewitt, U. S. Commissioner to the 
Universal Exposition at Paris, 1867. 

rHiiADKT.riiiA, August 1, 1868. 
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INTKOBUCTION. 



HISTORY OF STEEL. 

1. The discovery of steel is lost in antiquity, and 
is mingled with that of iron; the first iadicationsare 
found in Genesis. In order to write the history of 
the carburized metalj we should give that 'of iron; 
but this would carry us too far beyond the limits of 
this small treatise. The Hebrews have confounded 
under the name of "inn {harzel), the two metals, the 
working of which, according to Moses, had been 
taught to men by Tubal-Cain', whose father lived 
3130 years before Christ. Job says that the metal 
was extracted from an arenaceous ore, probably 
similar to that actually employed at Samakof, in 
Itomalia.= We find in Deuteronomy that Og, King 
of Bashan, possessed an iron bedstead, which shows 
to what degree of perfection the art of forgiog had 
arrived." 

1 And Zillah, slie also bare Tnbal-Caiu, an iriKlructor of every 
artifloer in brass and iron, (Gen. iv. 23.) 

2 Jubssviii. 2. 

' Deuteronomy iiL li. 
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2. It is probable tbat, like what ia now the usage 
in Asia and in Central Africa, the Hebrews had 
nothing which could be properly called a furnace; 
but that they made a bole in the ground, filled it 
pell inell with ore and charcoal, and promoted the 
combustion with their breath first, and afterwards 
with fans made of large tree leaves. The first indi- 
cations of a regular mode of working are to be found 
in Egypt, where the Jews, during their servitude, 
were obliged to work in the forges of that country.' 

3. Already, at that time, steel and iron were 
known by the Chinese; their first chiefs had found 
iron mines in the territory of Leang4cheou.^ It is 
likely that the knowledge of the nieta] came from 
the west of Peking, because it is there where the 
Celestial empire began to be populated. 

4. In Larcher's Chronology it ia stated that iron 
was known only 1537 years before Christ, over 250 
years before the Trojan war. In the age of Homer, 
the metallurgical working of iron and steel was 
much advanced and varied ; the latter metal was 
polished, as we may infer from the epithets ol9»n, 
shiny^ and kom6s, white' applied by the poet in his 

' But tlie Lord hatli taken you, and brought you forth out of 
Hie iron farnace ('inaiO, Coarband), even out of Egypt. 
(Deuter. iv. 20.) 

' Chu-King, cap. Tu-Cong. 

> II. iv. 485 ; vii. 473 ; xs. 372. 
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poenia, \a opposition to i^has, blick, which seems to 
indicate ductile iron, as it comes from the hands of 
the blacksmith. It was hardened, because in tlie 
Odyssey, Homer compares the noise of the inflamed 
branch driven into the eye of Polyphemus to that 
produced by a blacksmith, when dipping into cold 
water a saw or an axe for hardening — an operation 
from which is derived all the strength of iron.' 

5. It is a mistake to believe that in the !ieroic age, 
bronze alone was employed in the manufacture of 
arms and agricultural implements; from Homer we 
learn that the points of darts were sometimes forged 
out of steel,^ and this metal was also used to make 
tilling instruments and weapons for shepherds.' 

6. It is true that the use of bronze had preceded 
that of steel, as shown by Hesiod,* and after him, by 
Lucretius;* but we must not conclude with Eusta- 
thiua and several other commentators, that Homer 
had confounded the two metals under the generic 
name of xo^*d{. 

This error is very likely caused by the Grecian 
poet confounding all metal workers under the same 

' OAym. is. 391, The word ifuffti^s-ur used by Homer, is also 
employed by Greek dyers to express the action of dipping tlie 
cloth into tlie batli. 

« Odyes. xis. 434. = 11. xYJii. 83'J. 

' £f,a Mai Vf»'. 150 and 151. ' V. VltiC. 
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denomination, that of xa-i^xiii, xaJ.xrifH', which means 
the working of metals, whatsoever be their nature; 
and moreover the root is ^c^^«d5, bronse. Suidas and 
Hisychius express the word x'^^.xsvi, by a worker m 
bronze, trcai, or gold. 

7. According to Aristotle, in ancient times, bronze 
■was manufactured, and vases were cast in the island 
of jEthalia (Elba), celebrated for the richness of its 
iron mines. It is more recently, and when the ores 
for bronze making were exhausted, that iron was 
discovered, and its extraction began.' 

8. From a memorable passage of that book of 
Aristotle called Gmcealed Marvels, we learn that 
the Chalybes worked a ferruginous sand, after a 
simple washing, without any admixture: it was diffi- 
cult then for them to obtain anything else but steel. ^ 
In some cases, the washing was more perfect, and a 
flux was added, which they called pyrimac? Theo- 
phrastes, while confirming this assertion, says that 
the pyrimac and molar stones used were very fusible, 

' De luiraiiil. auscnit. expl., by J. Beckmaon, cap. sev. 

• The CliaJybes inhabited the southerncoast of Pontns Eaxinus, 
where they had beoome oelebrated by their manufactures of 
Bteel. The Greeks called x^'i^t t!i9 metal thej imported from 
that couutry ; from thence the word went to the Romans, after- 
wards to Spain, and finally to Great Britain, where the term 
chalyheaie has been kept and applied to various uses of iron 
anil sleel. 

= Uu mir. ausc, cap. shs. pp. 92, S5. 
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and helped tlie fusion of iron.^ It is likely that the 
jiyrimac or pyromac stoae was the varietj of silica 
called FlinC (pierre d feu, Fr., feuersldn, Ger.), and 
that the mular stone was simply a kind of limestone. 
This is perfectly well explained by Pliny: igne 
cremalo lapidc ccementa in tectis Ugantur.^ 

9. The operation was performed in a low furnace. 
Aristotle, in a passage which commentators explain 
in diflerent ways, seems to say that the operation 
required two fires — probably one was for reducing, 
and the other for reheating. This explanation of the 
Greek text appears to be proper, since it is what 
occurs actually in the forges we have inherited from 
the ancients. Moreover, Pliny says so formally.' 

10. The fuel used was mostly wood. Pliny in- 
dicates pine-wood as being used in the manufacture 
of iron and steel. It is certain that the ancients had 
cognisance of charcoal, because they employed it in 
several metallurgical processes; but nowhere is it 
said that it was used in the working of steel. 

11. Bituminous coal {litkatdhTax) was known and 
employed by blacksmiths' iu the earliest ages of 

' In dictionaries tlio words -mpi'iiaiuj or -ruiii/ianiit are translated 

' Lib. xxxvi. oap. xxvi. ' Lib. sxxiv. cap. sir. 

' ThiOpVirastus, cap. sxvii. 
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Greece and Eome; nevertbeless, no indications can 
be found that it was employed largely in the metal- 
lurgy of iron. Such coal was found in Elea, on the 
road to Olympia, and in Liguria, where amber was 
to be obtained also.' 

12. There is no doubt that pig metal or raw iron 
was known by the ancients. Aristotle shows this 
clearly and precisely. "Iron," says he, "ia softened 
during the operation so as to become liquid, but 
soon it hardens again. This is the only way of 
making steel. A pasty scoria swims on top, while 
the separated iron falls to the bottom."^ Neverthe- 
less, it appears that it never came to the mind of 
metallurgists of those ages to turn to account this 
state of fluidity, and to run the metal into moulds. 
It is possible that the rapidity with which pig metal 
coagulates and hardens has been found to be an 
obstacle to its use. 

Pliny had known also this state of liquefaction. 
"It is surprising," says ho, "when the ore is reduced, 
to see the iron become as fluid as water, and be after- 
wards divided sponge like."^ The word spongicB, 
which, among German commentators,* has received 
numerous interpretations, ia here evidently applied 

' Theophrastus, cap. nsviii. 
' MiTitfpoXof'iif^, cap. vl' 

» CommendiHo de arte tarri eonfioieiidi vetpriiw, llaussmaiiii, 
p. 41 and scq. 
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to the mass full of acorife, which, most generally, is 
divided in several pieces in order to be brought 
more conveniently under the hammer. 

13. The art of extracting, refining, and working 
iron and steel was diffused from Egypt over all 
parts of Arabia. It was known of old, that the 
mountainous part of Palestine was rich in iron 
mines; thus in Deuteronomy, it was said with some 
appearances of truth to the Israelites, on the eve of 
entering that land, that its atones were iron.' 

14. The Jews and Egyptians were not alone in 
knowing how to forge iron and steel, inasmuch as 
Og, King of Baehan, had a bedstead made of that 
metal.^ At Babylon, in place of hydraulic cement, 
the stones of bridges were bound together by means 
of iron bars cemented with melted lead.' Instru- 
ments made of steel were multiplied very rapidly: 
they were used for cutting stones' and for commit- 
ting murder.^ Ductile iron was employed for a great 
many uses; even nails were made out of it;* and 

" Deafer, viii. 9. 

eibid. iii. 11. 

» Herod, lib. i. 1S6. Thus were consnlidated on tlieir outpr 
snrface tiie walla of Pyrei (Thuoydiiles, lib. i. cap. xcxiii.); 
ttey werfl made of large atones, fitting very closely, cut square, 
and united without cement, lime, or clay. 

' Deuter. xxvii. 5. 

5 Numliera xsst. 1G. 

' Judges iv. 21. 
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Sisera, Captain of Jabio'a arinj, had nine hundred 
chariots of iron/ 

15. At that epoch, locksmiths or blacksmiths* 
were important personages, whom kings took with 
them oa their journeys, as we may see when Jehoia- 
kim. King of Jndah, left Jerusalem.^ 

16. We have not now to ioquire what were the 
iron ores treated by the ancients ; this important 
question will subsequently receive due attention. 
Besides the arenaceous magnetic ore which, we have 
said, was employed by the Hebrews and Greeks of 
old,* it is likely that the other ores used by ancient 
metallurgists were those whose external appearance 
indicated the most plainly the nature of the metal 
within, whose extraction was the least difficult and 
laborious, and whose fusion was easy. 

17. However, in proportion as Roman civilization 

' Judges iv. 13. 

- -ijca iMashagosr). Tbis word is translated by Bnstovf 
into faber fermnus, clavslrarius. This iutarpretation is con- 
formatle to tUe root njD (^shagoar), whiob means to lock, to in- 
close (Gea. ii. 31; vii. 16; six. 6; Esod. xiy. 3; Jos. vi. 1. 

s a Kings ssi5. 13, 15 ; Jerem. xxiv. 1 ; ssis. 2. 

• The iron and steel of Avelino, near Naples, is made out of 
a similar ore. We find also the same ore worked In Tyrol ; also 
by the savages in Virginia; in the small furnaoes of lieraolea, 
on tbe shores of the Black Sea, Se. 
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took the place of Grecian, so was the use of iron 
and steel extended. Before the historical era, and 
up to Herodotus, bronze had been quite exclusively 
the material from which weapons were made. Under 
the Romans iron and steel had been put to more 
uses, and took the place of copper in many cases. 

The two greatest poets of antiquity, Homer and 
Virgil, who delineate so well the different epochs in 
which they lived, state in a striking manner by two 
verses, and with similar expressions, the preponde- 
rance of one metal over the other at different his- 
torical times. Homer, speaking of death, says: 
^n'Mrtof Srti'ot, sleep of brouze j' Virgil expresses the 
same idea hjferreus somnus, sleep of iron,' 

18. The art of forging iron and steel infers the 
employment of the hammer and the anvil. Thus It 
is likely that these two simple implements were 
kDown by Tubal-Cain. Goguet asserts they are 
mentioned in Job.' The first notice of these tools 
is fouod in Isaiah,' when he says: "So the carpen- 
,ged the goldsmith, and he that smooth- 



' n. T. 786. ' Eneid. x. 745 ; xii. 309. 

" Cap. xli. 15, 20 (Orig. de3 Lois, p. 172), Tliia 13 appa- 
rently a mistafce, I have vainly endeavored to find that pas- 
sage in the Hebrew test. Mention is made of the use of hom- 
mer and spikes in the boob of Jndges (iv. 21). 

* Isaiah x!i. 7, BUD (.Petkist). In ciiap. xliv. 12, the same 
propliet ases the expression nana (.tfateftcf) for a peculiar liam- 
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eth with the hammer him thut smote the anvil, 
saying, it is ready for the sodering; and he fastened 
it with nails, that it should not be moved." 

19. It is probable that bellows were employed 
more recently. The word used in the metallurgy 
of the Hebrews to express the action of blowing, is 
naa {nophSh)} Jeremiah has even made a name of 
that word, to indicate a blowing apparatus.* The 
Septante have translated by t*0Ji*^s, and the Vulgate 
by siiffiatorium. 

Homer ia much more explicit in the description 
of these instruments. The bellows {^iaM) of Vulcan 
were movable; they revolved around a pivot, 
(fTpt^-O- The anvil (oxf-w)' could be taken off the 
stock^ at will ; anvils of several sizes were employed. 
The tongs (nupa'ypo) derived their name from their 
use,' 

20. However, at about the time when Moses was 
leading the Hebrews across the deserts of Arabia, 
the cities of Tyre and Sidon were founded by Egyp- 
tian colonies on the shores of the Mediterranean 

mer, one side of wMch liad a, flat face, while the other side was 
pointed. 

' laaiali liv, 16 ; Ezekiel xxii. 20, 31. 

' Jurem. vi. 29. 

' II. sviii. 476. 

' 'Aa/tiSt^a, made of axf^w, auvil, and nf -M'fln/ii, to put on, to 
pl.o., lo .11. 

' F.om .~p, lire, and Jiyfi:^, I titlio. 
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Sea. The metal works of Sarepta were constructed 
near the boundary of the country of Azara, and 
afterward acquired a great celebrity. It ia amid 
tbis tribe of Azara, wbere everybody was a miner, 
according to Father Cobius,^ that the mines of Car- 
mel were situated.* 

21. At the same epocb, Inaehns was carrying 
from Egypt to Peloponnesus a colony whicli founded 
the kingdom of Argus. Three hundred years later, 
Cecrops, starting from the same point, founded the 
colony of Athens; while Cadmus, coming from 
Thebes in Egypt, constructed a city bearing the 
same name in Bceotia, and assumed the sovereignty. 

Greece at this time begins to be peopled every- 
where ; and being the result of Egyptian emigration, 
receives the knowledge of the industrial arts, which 
the Egyptians, one of the oldest people in the worid, 
had possessed to a great extent, 

22. Cadmus gives the knowledge of bronze to the 
Greeks,^ and discovers the mines of Mount Pan- 
gajus.^ Minos introduces in Crete the art of work- 
ing iron.' This metal is soon discovered at Mount 
Ida," where, according to Grecian tradition, it was 

' Aser Metallifossor (PrMBid. Job. ClriBt. Wiokmanshausen, 
ling. or. prof., Wittemb., 1722). 

' Kiffjii\«(, a^' oS ;t3X»ij J'Ihthi (Hesyoh.). 

' Hygin. tab, 214. ' Plin. lib. vii. cap. Ivii. 

^ C'lum. Alex. Strom., lib. 1. ^ Marm. Oxen., ep. 11. 
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disclosed after a coiifJagration of forests.' The Dac- 
tjli, priests of Cj'bela, take hold of the discovery, and 
introduce the use of iron and steel in Phrygia. 
Prometheus, owing the knowledge of fire to a thun- 
derbolt striking a wood, creates forges in Seythia, 
while Vulcan builds iron furnaces in the island of 
Lemnos. 

23. The use of iron and steel had been known all 
over the East for a long time, and these metals had 
been employed for various purposes, when Lyeurgi- 
des proscribed gold and silver, and made the coins 
of iron.' 

24, The Phenicians, those skilful navigators of 
antiquity, who worked the mines of Enbcea, already 
exhausted at the time of Strabo, were the first to 
pass the Straits of the columns of Hercules (Straits 
of Gibraltar), where they founded the city of Gades,' 
in order to have a harbor in their travels to the 
Cassiterides, Soon after, they were followed by the 
Ohalybea, a tribe of Armenia, celebrated in the 
manufacture of steel,* who gave that industry to 

I Ariat., nifl S^u/Aas-im iitin/tii™, 1157 E.; Diod. lib, i, 5; 
Strab. lib. i. 3 ; Athen. lib. i. 6, 

' Several ancient peoples have used iron for the same pnr- 
poaa ; the Clazomenians, according to Aristotle (lib. ii. des Eco- 
nom.) ; tlie Britons, according to Cfcsar (Comm., lib. v. 13) ; 
the Byzantians, according to Pollux. 

^ Now Cadiz. 

* From Iheni the Greeks gave to steel the name of x-i^f^i. 
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Western Spain, while the Greeks were introduciog 
it on the eastern shore and in Italy. 

25. Diodorus of Sicily speaks of the island of 
^ihalia as being rich in iron ores, which the natives 
were working, "breaking them into pieces before 
melting, in order to extract the iron which is part 
of the stone." The stone being once broken, it, was 
thrown into a furnace made for the purpose. A 
violent fire melted it, the parts became aggregated, 
and the product was a large metallic sponge. The 
ore thus transformed was sold to merchants, or 
rather exchanged for merchandise, and exported to 
DicEearchea and other places. There these spbnges 
were forged and transformed into various imple- 
ments, which, afterwards, were peddled in the difl'er- 
ent parts of the known world. 

26. The art of working iron had advanced so far 
as to alloy this metal with bronze for statuary. The 
celebrated artist Alcone had a Hercules made of 
hardened iron or steel. In Rome, wine cups made 
of steel were dedicated to Mars the Avenger, and 
deposited in his temples. 

27. The Eomans do not appear to have modified 
much the Grecian furnaces for iron and steel. 
During their stay in the Peninsula, they applied 
themselves especially to the working of precious 

4 
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minerals, and we must say that they displayed a 
great skill in it. 

28. On the other hand, the Moors were properly 
the manufacturers in Spain ; they gave to the work- 
ing of iron and steel such an importance, as to make 
it possible to foresee the preponderance which these 
metals, the most useful agents of civilization, were 
to attain ten centuries later. They overspread the 
Pyrenees with small hand forges, and made of these 
high mountains covered with forests, a centre of 
fabrication, the workmen of which were so celebrated 
that they supplied blacksmiths to all the adjoining 
countries, 

29. During the first century of the Christian era, 
Calatajud, the ancient Bilbilis, near Moncayo,' was 
celebrated for its manufactures of steel.^ Pliny says 
that the waters of the Salo, which ran around the 
city, were well suited for hardening metals.* 

' The ancient city of Bilbilis. was situated upon a mountain 
near the aotual site of Calatayud. Upon the Monte Bamhola, at 
abont one mile and a half from Calatayud, the remaius of that 
ancient city are yet to be seen. 

' The great poet Martial, who was born at Bilbilis, about the 

year 40 A. D., says, in Ep. B5, lib. iv. : — 

I^oBtr^ nomina dnriora terra 
Qrato non pndeat referre verau : 
SiBTO Bilbilim optimam metallo, 
Qn!e vincit Cbalybosque, NoHcosqac. 
s Lib, sxxiu. oap. sLV. 
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80. While the working of iron and steel was ia- 
creasiug in the north of Spain and extended to the 
Aquitanian side of the Pyrenees, the Romans were 
introducing the metallurgic art into Germany, where 
it received many improvements. 

31. The ancient metallurgists then worked two 
kinds of iron ore: a pure ore, which required no 
preliminary treatment; and an impure ore, which 
was broken, assorted, washed, and roasted.' 

The pure ore was smelted in low furnaces, similar 
to a Catalan forge, and produced iron or steel almost 
by chance, when that ore was rich and withont vein 
stone. 

The impure or refractory ore, after it had been 
ascertained that it could not be worked in the same 
low furnaces, was smelted in much higher furnaces, 
square, and with an opening on the top into which 
the smelter threw the materials broken into pieces 
of the size of a nut. This is the origin of the stack 
ofen or high bloomery furnaces, which are the be- 
ginning of our present blast furnaces. 

32. We could scarcely believe that, in this metal- 
lurgy of transition which lasted the first part of the 
middle ages, the limestone and silica Huxes mixed 
pell-mell with charcoal and ore, had not 'produced a, 
raw metal in sufficient quantity to discover acciden- 

I Agricola, Dc re meliiUica, lib. is. p. 337 et seq. 
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tally the characteristic property of this new product. 
There is no doubt that we must go back to the twelfth 
century to find out the first idea of a blast furnace, 
and of the use of a raw metal {pig metal), the know- 
ledge of which had been so long time delayed, only 
by the feeble power of the blast apparatus, 

83. Among the Greeks and Romans, the bellows 
were made of leather;' they were moved by men or 
animals.* We find the same in ancient Spain.' 
Hydraulic wheels only came into use about the six- 
teenth century for pumping in mines, and as movers 
of stamping mills, and other apparatus appertaining 
to blast furnaces. 

34. Agricola, who wrote at Schemnitz, A.D. 1546, 
fails to mention raw metal or blast furnace. We 
must hence infer, without fear of a mistake, that the 
art of casting raw metal into moulds is an invention 
relatively modern, which was unknown in Upper 
Germany. 

35. Although this is not the place to inquire where 
the discovery of cast metal was first made, we cannot 
refrain from saying that all indications point to that 
invention having taken place near the Rhine. 

' Quam folles tanriiii liabeut, qunm liquesouDt peti^ ferrum 
nbi fit (Plant., Ed. Sohmied., v. 31, p. 885). 

' Beitrage zur GeBehlclite det Erflndungen, 1, 3, p. S21 (Beok- 
manii); GeacliichtedeH Bergbauesder Allen, p 128 (EHytsiueyiir). 

' De Hispanic antique re metallka, p. 44 (Betlis). 
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36. In 1409, there was in the valley of Massevaux, 
between Riembach and Oberbrack, a blast furnace 
for ameitiog iron, which lasted only thirty years.' 

37. That blast furnaces were extant in France in 
the middle of the fifteenth century ia a well-known 
fact, which we will prove elsewhere by authentic 
data. We do not pretend to say that they were in- 
vented in our country, but we have certainly the 
right to take date, and to wait until we are shown 
records older than ours.* 

38. The way the Wootz steel is made in Asia, the 
birthplace of the human race, brings to mind that 
the modern metallurgists, when they invented blast 
furnaces, have but imitated the processes of Persia, Sa- 
lem, and Golconda. There cannot be more analogy 
than there is between these two methods, used in 
times and countries so far apart; one of these 
methods being older than the invasion of Alexander 
the Great, the other born scarcely four centuries 
since. 

In India, from time immemorial, a magnetic ore, 

' This Talley is situated in the Departemeiit du Haat-Rhin. 

' Englishmen, who pretend to have invented tlie blast fur- 
nace, have no evidence going as far back to deduce. Muahet 
(Papers on Iron and Steel, p. 387) goes back only to 1540 A. D. 
to fiud indications of the mannfaoture of raw iron in the forest 
of Dean ; O'Reilly (Annales des Arts et Manufactures, t. vi. p. 
22G) pretends that Wast furnaces were extant in tliat. count ry 
in 1450, but produces no evidenie. 
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compound of oxide of iron and quartz, is smelted 
with charcoal in a furnace {Jivss ofen) five feet high. 
This process was perpetuated in the Himalaya, and 
Mungo Park found it again at Kamalia, in Central 
Africa. 

39. The oldest fact known in England in relation 
to the moulding of raw iron, ia in the year 1547, 
when a Frenchman named Pierre Baud, estab- 
lished in that country, was smelting cast iron pieces 
for the English navy.^ His workman and successor, 
Thomas Johnson, became celebrated for his skill and 
the perfection of his works. 

40. Aa for the manufacture "of steel, the eastern 
countries were far in advance of Europe, when the 
Greeks founded forges in the Peninsula, which after- 
wards were succeeded by the Catalan furnaces in the 
Pyrenees. In all these works, steel was extracted 
directly from the ore. Biscay, for a long time, en- 
joyed a great credit for its steel, and Bilbao had yet, 
in 1548, the privilege of supplying the English 
market with fine tools, such as engraving and point 
tools, punches, scissors, &e. The great market for 
these products had early awakened the cupidity of 
English manufacturers, who tried to counterfeit 
them. Bad faith went so far that, under the name 
of Bilbao iron, tools made of hardened iron without 
any value or quality were sold. In 1548, Parlia- 

I WottSiies of England, T>y Fuller, 1(182. 
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tnent was obliged to intervene and to prohibit thia 
reprehensible fraud. 

In the boundaries of Germany, and since the dis- 
covery of raw metal, people thought of refining pig 
metal, leaving in it enough carbon to make a liind 
of natural sleel. The centre of this manufacture 
seems to be confined to the Alps. 

41. Germany is also the first country where it 
was proposed to cement iron. Thence, this art came 
to France and was introduced at Newcastle on Tyne 
long before it was known at Sheffield, the present 
centre of that fabrication. 

42. Sheffield cutlery itself does not date very far 
back; the first knives manufactured in England 
were made in 1563, by Thomas Mathews, of Lon- 
don. Previously, that country imported its manu- 
factured steel ware from Flanders and the bordering 
countries.' 

43. The working of eaststeel, entirely unknown 
in France a few years ago, was introduced into Eng- 
land only in 1770, by Mr. Huntsman, of Atterclifl'e, 
For a long time it was kept a secret, 

44. Puddling steel ia an entirely recent invention; 
in England this discovery is claimed by Mr. Ewald 

' Oddy's Earopeau Commerce. 
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Eiepe, who took a patent in 1850; but to Austria 
must we give the honor of the invention. 

The first experiments were made in 1835 at 
Frantschachjin Carinthia; MM. Schlegel andMiiller 
took a patent in 1836 ; thence the process went to 
Cibiswald in 1849, and to Neuberg, Styria, in 1851. 
Inasmuch as the steel obtained by that process did 
not fulfil all the expectations, it was discontioued at 
these places, either by want of a market, or by dis- 
couragement. 

However, in 1846, M. Bischof had made experi- 
ments at the Hartz, in a gaa furnace, and MM. 
Weyerhammer had followed in Bavaria and at Lim- 
burg on the Lenne. They seem to have been dis- 
couraged by some difficulties. These obstacles were 
overcome only in 1849, in Westphalia, where some 
iron masters, by much perseverance, succeeded in 
produciog cast steel, in such quantity as to have it 
become a regular maQufacturo in 1850. MM, Lehr- 
kind, Falkenroth & Co., of Haspe, were enabled to 
exhibit at London, in 1851, puddled steel of good 
quality and low price. 

Thus Eogliahmen are not the first in using this 
process; they have been, this time again, skilful 
imitators. 

4"5. In France, steel works have much progressed. 
In 1833, there were but 69 steel forges producing 
2850 tons of forge steel; in 1852 the production 
went up to 3938 tons, 25 eemeutation or convert- 
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ing furnaces produced, in 1832, 2964 tons of cemented 
steel; in 1852 that quantity was increased up to 
9808 tons. The manufacture of cast steel, which in 
54 works was not over 324 tons, was 4852 tons in 
1852. 
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PRELIMINARY OBSERVATIONS. 



We will see ttat steel ia a compound of iron and 
carbon, and is more or less acted upon, mechanically 
and chemically, by various bodies and elementa 
which have a tendency to modify its properties. 
These reagents are heat, oxygen, sulphur, phos- 
phorus, water, and lime. It will be useful, from 
the beginning, to examine briefly these substances, 
mostly with regard to their action upon the metal 
we are considering. 



Heat. 

46, The cause of heat is unknown, but the phe- 
nomenon ia felt by its effects. 

Its first action upon steel is expansion. To 
understand this peculiar action, we must conceive 
that the molecules of steel are movable, and may be 
separated, leaving between them open spaces or 
pores, which are filled by molecules of heat, not 
perceptible as long as the temperature is low. 
This separation of the metallic molecules, kept apart 
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by the presence of heat, causes the body submitted 
to that phenomenon to become extended in every 
direction, and thus increased in size. This is what 
is called Dilatation or Expansion. 

If heat is given off, the dimensions of steel mast, 
of course, diminish; the pores disappear, the mole- 
cules approach each other, and the solid becomes 
more compact, more dense and heavier in propor- 
tion to its volume. This phenomeuon is called 
Contraction. 

The expansion of steel (not hardened) is 5J,, or 
0.001079 of its volume at 100° centigrade. 

47, The dilatation of steel increased to 1300° 
produces another phenomenon. The molecules, by 
being separated, cause' in the whole mass a state of 
softness which in a short time will show another 
phenomenon called Fusion. At a temperature of 
1400° centigrade, the least fusible steel will melt. 
Pig metal will liquefy between 1050° and 1250°, 
and iron at 1600°. 

48, In proportion as heat penetrates the pores of 
steel and expands it, it produces on its surface dif- 
ferent colors. On this point we will not speak 
now, but will return to it again (386). 

49, The materials producing heat are called Fueh. 
Their calorific value is very variable — i. e., they 
produce very different amounts of heat, and, on that 
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accouat, are worth studying. But this is not the 
place for mioute accounts, which will be found in 
tho Manuel du Mattre de Forges, edition of 1858. It 
will be sufficient to koow — and this is important to 
the manufacturer — how much heat each kind of 
fuel will produce. As a standard in the comparison 
of fuels, a calorific unit, called calorie (in French), 
unit of heal, or Mlogranvme degree, has been 
created, A kilogramme degree is the quantity of 
heat necessary to increase 1° centigrade the tem- 
perature of 1 kilogramme of water. By comparing 
the various kinds of fuel, according to the weight of 
each requisite to produce the same effect, it is easy 
to form a list, where each fuel is represented by a 
certain number of units of heat. But this way of 
teckoning the calorific power ig entirely theoretical 
or absolute, and differs widely from the useful effect 
or calorific power obtained in practice. We must 
then look for the latter. 

The total heat of saturated steam at ]12°.5 centi- 
grade is equal to 640.8 units of heat, or kilogramme 
degrees. The problem consists in finding out how 
many kilogrammes of water at 0° will he vaporized 
at 112°.5 under a pressure of 1^ atmosphere, by 
1 kilogramme of fuel, and to multiply the weight by 
640.8 units of heat. The following numbers have 
been found by this method: — 
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VAFOIiiZS 


D Water. 


'wo( DriBd. 


JJrleii.' 


Wood .... 


B.20 


4,21 


2351 ' 


2939 


Charcoal (piue) . 


6.4a 


7.13 


4345 


4864 


Pant 


2.:M to 4.08 


1986 


3258 


Carbonized peat . 


6.43 


7.24 


4281 


4550 


lignite .... 


2.03 


4.02 


1933 


3554 


coal P''yl'""i'"S 
1. Smith's coal 


5.(i3 


6,85 


4149 


4380 


5.58 


8.18 


4495 


4548 


6.84 


to 8.07 


4928 


5011 


^^''^'^-i For metallurgy . 


6.59 


o 7.50 


4582 


4902 


7.45 


7.70 


4857 


5156 



II. 

Oxygen. 

50. Oxygen is tliat portion of atmospheric air 
which sustains life and combustion, and at the same 
time oxidizes melals. This gaseous substance has 
such an affinity for iron, that if this is in a state of 
minute division and great purity, as with the Chenot 
sponge, it will combine with and oxidize it entirely. 

51. This sponge, of which farther notice will be 
taken (314), is an agglomeration of molecules of per 
fectly pure iron, which are kept together by cohe- 
sion, but may be easily reduced into powder. In 
this case, the division of the metallic material is 
extreme; the smallest spark will fire it — that is to 
say, will begin the combustion. Once begun, and 
air furnishing its oxygen all the while, the combus- 
tion goes on, great heat is produced, and all the iron 
ia burned. 
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If, then, the weights of the sponge before and 
after combustion have been noted, we find ourselves 
astonished by an incrcaao of weight of about 22 per 
cent. 

52. This is caused by the oxygen of the air, which 
has combined with the iron, increasing ita weight; 
100 parts of the burned mass have then the compo- 
silLon: — ■ 

Pure iron 77.78 

Oxygen 22.22 

100.00 

53. Oxygen has such an affinity for iron that this 
metal will absorb it continually, without the help of 
heat or fire. Thus, if the oxidized sponge, with its 
22.22 per cent, of oxygen, is left to rest for some 
time, and if its composition is then analyzed, it will 
be found that it has absorbed a fresh supply of 
oxygen, and the result of the analysis will be — 

Pure iron ..... 70 
Oxygen 30 

100 
These two degrees of oxidation are the limits; the 
first is the oxide minimum, or first degree of oxida- 
tion; the second is the oxide maximum, or the 
highest degree of oxidation. 
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54. True it is, oxygen has a great affinity for iron, 
but it has also a greater one for carbon, whieb will 
be spoken of hereafter. It follows that, when iron 
is at the same time in company with carbon and 
oxygen, curious reactions will take place. 

55. Without heat, iron alone will be acted upon 
by oxygen, this being a gaseous substance which 
can move and be carried towards iron, while carbon 
is in a solid state and remains inert. 

By the intervention of heat, oxygen will combine 
with the molecules of carbon, thus producing car- 
bonic acid, while the iron remains pure and unacted 
opon. 

At a high temperature and when iron is about to 
liquefy, there is a double reaction : the carbon com- 
bines all at once with the iron, mailing a carbide or 
carburet, and with the oxygen, making carbonic acid 
and carbonic oxide; but in this case, it is necessary 
that the quantity of carbon should be in excess of 
what is needed to saturate all the oxygen, 

56. This double reaction takes place during the 
working in the blast furnace. The iron ore, which 
is nothing else than an impure oxide of iron, is in 
the upper part of the furnace, at a height called the 
reduction zone. The carbon, on the contrary, is in 
the lower part, and is the basis of the inflamed fuel. 
At a certain time, when the blast apparatus forces 
air into the furnace, the oxygen becomes separated 
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and combines with the carbon. Carbonic oxide, 
whicb is a compound oF one atom of oxygen and 
one atom of carbon, is formed, and goes through the 
boshes up to the upper parts of the stack. 

It is UDBatnral for carbon to combine only with 
one atom of oxygen ; on the contrary, it has a great 
tendency to saturate two atoms of that gas. If this 
does not occur in the boshes, it is for want of suffi- 
cient oxygen to produce carbonic add (1 atom of car- 
bon, 2 atoms of oxygen); carbon must then remaiu 
in the state of carbonic oxide all through the space 
filled with coal, until it comes to the reduction zone, 
where the layer of ore is found. There the ore has 
30 much softened that the metal. is ready to lose its 
oxygen. Carbonic oxide combines with it, becomes 
saturated, escapes in the state of carbonic acid, and 
iron is left pure. 

Such are the reactions in a blast furnace. We 
will soon explain how that iron, when going down- 
wards, will become steel, and afterwards raw metal. 

57. The oxidation of bar steel requires a certain 
temperature above the freezing point. In the polar 
regions, steel does not become oxidized. It seems 
that its pores must be open to allow the introduction 
of oxygen. 
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III. 

Sulphur. 

58. Sulphur is an enemy of steel. Even in minuto 
quantity, it makes it cold and liot short. Its presence 
is due mostly to the quality of the ore used for natu- 
ral steel or pig metal, or to the fuel in contact with 
the ore. 

59. Iron ores very often arc contaminated with 
pyrites or sulpliurets of iron, which often cannot be 
eliminated. A long exposure to air and natural 
percolation, a strong and protracted calcination, are 
the only economical and industrial means in the 
power of the ironmaster. In the first case, the sul- 
phuret is transformed into a sulphate which water 
dissolves readily and rain carries away; in the second 
case, the fire volatilizes the sulphur, and expels it in 
the state of sulphurous acid. 

60. As for the mineral fuels, such as pit coal and 
coke, which indeed are often full of sulphur, there is 
no practical corrective; the best is to reject them, 
and to use only the pure ones. The choice ia easy, 
and for that it is only necessary to examine the 
color of their ashes. Brown, fallow, or even yellow 
ashes are indicative of a fuel rich in sulphur; a red 
color is the sign of a maximum of that metalloid ; 
white ashes show that the fuel is free of this im- 
parity. 
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The presence of sulplmr in pit coal is due only to 
the iron pyrites it holds, Ferruginous coals will be 
then more apt to contain sulphur than those entirely 
cavbonaceoua. Brown, red, yellow colors are due to 
the preseuee of iron, and denote also that of sulphur. 

61. Iron bars for cementation, which are piled up 
alongside the walls of warehouses, are exposed to 
the inclemency of the weather, and mostly of rain. 
If they contain a considerable quantity of sulphur, 
a double chemical reaction takes place. Under the 
influence of the dampness of air, irou becomes ox- 
idized, the sulphur also, which, combining together, 
produce green vitriol, thus making an advantageous 
purification. It has been found by experience that 
0,000084 of sulphur, regularly distributed in 1000 
kilogrammes (1 ton) of iron, would produce 734 
grammes (0.000734) of green vitriol. 

This is an important fact from which it can- be 
inferred : that a long exposure to the air of iron and 
other materials used for the manufacture of steel, 
such as calcined ore, pig metal, fine metal, puddled 
iron, &c., deprives them of their sulphur, by trans- 
forming it into protoBulphate of iron easily washed 
off: 

IV. 
Phosphorus. 

62. The action of phosphorus upon iron and steel 
has some analogy with that of sulphur: by it, iron 
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becomes hot short, anil steei cannot weld, the fusi- 
bility being too great. 

However, in certain cases, phosphorus will sus- 
pend the noxious effect of sulphur by neutralizing 
it. Carbon will do tlie same by decomposing its 
compound. 

63. The great inflammability of phosphorus makes 
it of small account in the manufacture of steel, in 
which it is rarely to he found. In the working of 
the blast furnace, it evaporates, or is transformed 
into an evaporable sahstanee as soon as it comes to 
the upper parts of the boshes. It melts at 35°.8 
centigrade (Fahrenheit 63j'(j'o). When sulphur and 
phosphorus are found together in materials sub- 
mitted to metallurgic treatment under a certain tem- 
perature, there is a production of a sulphide of 
phosphorus, very inflammable, which will escape, 
producing often an explosion and illumination, 

V. 
Water. 

64. Water is combined with a certain kind of 
iron ore, called hydrous oxide t>f iron, in the pro- 
portion of 10 to 16 per cent. Otherwise, water will 
act in the metallurgy of iron and steel, only on 
account of the great quantity of oxygen it contairs, 
thus being able to produce the phenomena of oxi- 
dation, deoxidation, and decarburization. 
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65. Water, inJeed, holds nearly 89 per cent, of 
oxygea, which is pre-eminently the gas sustaining 
combustion. This is four times as much as is found 
in atmospheric air. It would seem, at first, that 
water should increase the temperature four times 
quicker than the blast does; but this does not talie 
place, because in water, the oxygen is retained by 
the hydrogen with more strength than oxygen by 
nitrogen in the air. 

The two elements of water are kept together by 
the force of affinity, by chemical combination, and 
cannot be separated unless by decomposition, i. e., 
by a chemical reaction where certain conditions 
must be met. In air, the two elements are me- 
chanically'mixed, and may be disunited by simple 
separation, 

66, When molecules of heat are mixed with 
molecules of water, or, to speak more plainly, when 
water is heated, it is transformed into steam ; id est, 
it passes to an aeriform state in which the molecules 
of water are kept apart by the molecules of heat. 
Water is not decomposed thus; every molecule has 
kept the same composition it had previously in the 
liquid state, but the intimate union, the affinity of 
the elements is lessened. Hence, at a high tempera- 
ture, steam will promote combustion. 

Atmospheric air, or the blast, is very readily de- 
composed at an ordinary temperature, if it comes in 
contact with a body for which one of its two ele- 
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ments bas a great affinity; for instance: in contact 
with iron, it will be transformed into oxide; in eon- 
tact with carbon, it will make carbonic acid. The 
decomposition of air will also take place more readily 
when its molecules are distended by heat. This ex- 
plains the advantages of the hot blast. 

67. We have already seen that water facilitates 
the separation of the sulphur in iron (61) ; it will 
also separate sihcon. 

68. Silicon makes iron cold short. It cannot 
exist in pig iron or steel, in the state of oxide 
(silica), on account of the presence of carbon; it is 
there in the state of silicon, the pure metal. When 
steel or pig metal are on the point of losing their 
carbon, silicon has a tendency to become oxidized; 
but if it comes in contact with water, instead of 
being transformed into siHca, it will be dissolved 
into the liquid, and thus will facilitate the puriBca- 
tion of iron.' This effect is the more striking when 
water is in the state of steam. If steam is made to 
pass through a furnace, over a metal rich in silica, 
all of this which is in contact with steam will be 
dissolved, and a large portion of it will be carried 
away and deposited upon the sides of the furnace 
where the steam escapes. 

' This ia one opinion. Many persons tbinfc that eilicon is 
more readily oxidized tlian c&rbon. —Nele of Tramlalor, 
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69. The water intimately mixed with the ores or 
fuels will cause their decrepitation; this effect is 
produced by small explosions which occur when the 
material is submitted to a sudden heat which in- 
stantaneously transforms the molecules of water into 
steam. The sudden expansion produces an effect 
similar to that of a bursting boiler, and the phe- 
nomenon is repeated with each molecule of water. 
Among fuels, anthracite will be noticeable by its 
decrepitation and its sparkling, when particles will 
be flying around, having the form of scales with an 
appearance of cleavage, 

70. We have said (61) how useful was water in 
expelling sulphur from ores, metallic matters, and 
fuels. We will not repeat it. We will say only 
that, when this liquid is in a hygrometrio state in 
ores and fuels, these will generally require a pre- 
liminary calcination. 

VI. 
Lime. 

71. Calcium, whether in the state of oxide or 
carbonate, has a very great influence in the mauu- 
facture of pig metal and in the management of a 
blast furnace; it is employed for neutralizing the 
bad effects of silica, and for vitrifying the earthy ma- 
terials which turn into slags or cinders; besides, it 
will extract sulphur. Lime might be advantageously 
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used in the manufacture of natural steel and even 
cast-steel, if this was suspected to bold sulphur. 

72. Nevertheless, it is only in the state of calcium, 
that lime is found in steel, and this very seldom. 
Under such circumstaneea, this metal will harden 
steel, the same as silicon and aluminium do, without 
in the least impairing its quality. 

The substances we have so rapidly examined are 
not those only which are found in contact with 
steel. Carbon, silicon, aluminium, magnesium, and 
manganese have yet more influence on its good or 
bad qualities, and in some eases are quite a compo- 
nent part of the carburet. Consequently, we have 
thought it would be better to speak of them in the 
theory of steel, and we have postponed their de- 
scription from the first section of this work to the 
chapter on the theory of carburets (155). 

VIL 
Iron Ores. 

73. The manufacturer of natural steel or cast-steel 
requires to know the iron ores employed by himself, 
or by the ironmasters who furnish him with pig- 
metal or iron. We will briefly describe them. 

74. Iron ores are oxides of iron mixed with 
foreign earthy matters. 
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75. Although there are a great number of varieties 
of iron ores, although there are two degrees of oxi- 
dation, it is possible to classify these minerals in a 
small number of species, whether they are con- 
sidered in regard to thcquantity of oxygen, or are 
examined in regard to their places of extraction. 
They are: — 

1st. Carbonate of iron (sparry, spathic iron). 
2d, Oligist iron (specular, iron glance, red haema- 
tite). 
3d. Magnetic iron (magnetite). 
4th. Hydrous oxide of iron (limonite, brown ha3- 

niatite, bog ore). 
Magnetic iron is alone attracted by the magnet; 
but the three other species will become so after cal- 
cination. 

76. They may be distinguished from each other 
by being streaked with a steel point, or by beiug 
pulverized. 

The streak is gray with carbonate of iron. 
" " red " oligist iron. 

" " black " magnetic iron, 

" " yellow " hydrous oxide of iron. 

77. I 1. A distinct characteristic of the carbonnte 
of iron is that the metal is in the state of protoxide, 
ferrous oxide, or minimum degree of oxidation. Its 
streak is gray, and it becomes magnetic by calcina- 
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tion. Aside from tbese eharacteristica to be foun(i in 
all the varieties, it ought to be divided into two sub- 
species, which are very different from each other in 
place of extraction and composition. 

These two sub-species are lithoid iron and spathic 
iron. 

78. Lithoid iron, often called clay iron stone, black 
band iron ore, is found in the coal measures, where 
it alternates with layers of coal, forming small layers 
of nodules,' In its composition silica is found in 
large quantity ; this points to a limestone fiux for 
fusing it. 

79. Spathic iron occurs in rocks of transition. 
Magnesia and oxide of manganese enter largely into 
its composition ; hence, irons made out of it are es- 
pecially good for the manufacture of steel. 

80. The analysis of the two sub-species of carbo- 
nate of iron gives on an average — 

Litlioidiron. Spatliiciron. 
Volatile matters ... 35 SB 

Protoxide of iron . . 45 52 

Silica 10 

Magnesia and manganese . 10 

Other earthy materials, . 10 

100 100 

' In the nodular etate it ia geii(>rKltj pure ; the other khiilii 
iillimately misi'd with a coaly clay oftt.'n coutaiu pyrites anil 
phosphoric acid.— A'oie of Translator. 
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81. When carbonate of iron is calcined, or after a 
certain exposure to the air, its original color, gray 
or light brown, turns to red, brown-red or brown- 
bkck. The cause of this is, that the metal, which 
was oxidized at the Kiinimum, absorbs a larger quan- 
tity of oxygen by the calcination or by exposure to 
the air, and thus passes to the state of peroxide of 
iron, or of oligist iron, with the proper color of the 
latter. Its streak changes also, and turns red in- 
stead of gray. 

82. § 2. Oligisi iron is really an oxide at the 
maximum degree of oxidation, a peroxide of iron, 
ferric oxide. That which has been produced by the 
transformation of which we have just spoken, is only 
one of the numerous varieties of that species, whose 
moat distinct characteristic is to give a powder or a 
streak having a bright red color. 

83. Oligist iron presents all sorts of colors, from 
dull red up to the brightness of polished steel; some- 
times it is crystallized, when the surfaces are bright, 
iridescent and with metallic lustre; sometimes it is 
lamellar, the lamioie of which are pohshed, giving it 
the name of specular iron, on account of its property 
of reflecting the rays of light like a mirror. It has 
also a foliaceoua structure whose small laminae have 
a steel-gray, bright red, and sometimes sparkling 
color. In some places it is powder-like, granular, 
or compact. 
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84. This species is one of the richest in iron. It 
is often mixed with siJicious earth, such as quartz. 
Oligist iron does not contain water, is not magnetic, 
but becomes so after calcination; it does not effer- 
vesce with acids. Analysis gives the following 
numbers, on an average : — 

Peroxide of iron . . . 71 to 93 
Silica and earthy materials . 29 " 7 

100 100 
This indicates a percentage of pure iron equal to 
50 to ()5 per cent. 

85. One of the varieties of this rich ore is called 
red hcBmalile; as indicated by the name, it is blood- 
red. Its texture is fibrous, radiated, often similar 
to that of threads of raw silk, radiating from the 
centre of prominences towards the surface. The 
texture is sometimes so compact, that burnishing 
tools are made out of it for polishing gold or gilt 
objects. 

86. This variety, after exposure to air and rain, 
becomes hydrated. Its brown color, after a long 
time, turns to a more or less bright red, loses its 
silky lustre, leaves its mark upon fingers, and ia 
transformed into sanguine or red chalk, from which 
the red pencils of carpenters are manufactured, 

87. Eed htematite is most generally superior to 
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all otiier varieties of oligist iron for its percentage 
of iron. It contains, on an average, from 80 to 95 
per cent, of peroxide of iron, which corresponds to 
56 to 66 per cent, of metallic iron. It has also a 
great tendency to unite with manganese. 

88. The great amount of metal and the smaU 
quantity of earthy materials in oligist iron, do not 
make it very convenient for working in blast fur- 
naces, where it would produce but a white metal. 
It is a first rate ore for the manufacture of steel in 
low furnaces, such as a Catalan forge. This variety 
of hiematite is sought mostly for that manufacture, 
very likely on account of the large quantity of man- 
ganese with which it is associated. 

89. § 3. Magnetic iron or oxldulakd iron is a 
compound oxide made of the two preceding oxides ; 
it ia sometimes so pure, that Brard brought from 
Sweden a sample having the following composition 
by analysis: — 

(Ferrous oxide) protoxide ofiron . . 69 
(Ferric oxide) peroxide of iron . . 31 

100 
which indicates 72.44 per cent, of metallic iron. 

90. It is from this rich ore that Sweden extracts 
those celebrated irons which are all exported to 
England for the excellent steels of Sheffield. It is 
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probable that the oxide of manganese found in the 
ore helps to make these irons so advantageous for 
that manufacture ; even magnesia, which is generally 
found in these ores, might have a similar effect. Aa 
analysis of Swedish pig metal, made by Berzelius, 
corroborates this assertion :— 

91. Iron 90.80 

Silicon 0.50 

Magnesium .... 0.20 

Manganese .... 4.57 

Carbon 3.93 

100.00 

92. § 4. Hydrms oxide of iron ia very rarely 
employed in some forges to produce pig metal or 
iron for steel making. However, there is in Styria 
an oro which contains aa high as 16 per cent, of 
water; it ia true that, at the same time, it is remark- 
able for its percentage of manganese and magnesia. 

93. In the Pyrenees, there ia worked for steel a 
hydraled oxide called brown hematite, with a sta- 
lactilic structure. With it occurs a blue black oxide 
of manganese, which sometimes is as compact as the 
oxide of iron itself, sometimes like a velvet-black 
efllorescence on the outer surface, or in the cavities. 

94. Hydrous oxide of iron, outside of the varietiea 
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we bave just named, and of one or two more which 
are sought for the manufaetiire of steel, otFers a cum- 
ber of varieties suitable only to produce pig metal 
in blast furnaces. In passing, wc will cite the hrown 
oxide with a large metallic percentage, and showing 
sometimes metallic iron by filing; the reticulated 
spongy, foliaceous, hydrous oxides, which often con- 
tain phosphoric acid; the botryoidal brown hcematite, 
having much analogy with red hematite, except the 
color; the red hydroied oxide, with an earthy ap- 
pearance and seldom compact; the brown ochre, 
pisolithic iron, granular iron, bog iron ore, &c. &c. 

viir. 

Fuels. 

95, Generally, the name of fuel is given to sub- 
stances which, being combined with the oxygen of 
the air, produce the phenomena of combustion. In 
the arts, the fuels are the substances employed to 
produce heat. 

96. The decomposition of their elements, their 
chemical and mechanical reactions, and generally, all 
their alterations or transformations taking place 
only at a higher or leaser temperature, all these 
causes give to fuels a great importance in metallurgy. 
Consequently they should be carefully studied by 
the ironmaster and the steel manufacturer. Their 
choice has a great influence in the quality and cost 



d^vGoogle 



68 TKEATI3E OS STEEL. 

of the products; and their calorific value, nearly 
always, will determine their more or less advanta- 
geous employment. 

97. In fuels, the most abundant element and the 
one which plays the principal part, is carbon. It 
has a great affinity for iron, and, as we shall see ere 
long, is the basis of steel (1'42). It has the double 
eS'ect of increasing the temperature of the furnaces, 
and of acting as a reagent in the treatment of iron 
and steel. 

98. Among the vegetable fuels employed in the 
manufacture of steel, the principal are wood and 
charcoal. 

Pit coal, coke, and anthracite are the mineral fuels. 

99. Three constituent principles are found in 
every kind of fuel, no matter what class they belong 
to:— 

Ist. Girbon, which is the basis and principal ele- 
ment of heat. The calorific power of this element, 
when pure, is 7800 units of heat or kilogramme 
degrees. 

2d. Hydrogen, the basis of water, and found in 
notable quantity in wood, even when dry. Its 
calorific power is equal to 22,115 units of heat. 

3d. Earthy materials or principles of ashes. They 
are silica, alumina, lime, magnesia, oxides of iron 
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and manganese, to wliich we must add soda and 
potassa in vegetable fuels, 

"VVo do not notice here a certain quantity of 
oxygen, in small proportion, which acts outside of 
the combustion proper, without helping it. 

100. Carbon and hydrogen are then the two ele- 
ments proper for combustion. 

Carbon, the solid element, is the true principle of 
heat ; hydrogen, the gaseous element, is the principle 
of inflammability. These two elements are in an 
inverse ratio to each other: the more a fuel is rich 
in carbon, the less it contains of hydrogen ; the more 
continuous is its heat, the less inflammable it is. 
Wood is very inflammable : it holds six per cent, 
of hydrogen, but has little heating power; it con- 
tains but 50 per cent, of carbon, while anthracite 
has yi per cent. The latter has the greatest heating 
power of all natural fuels; it holds but 3 per cent, 
of hydrogen, hence it is the least infJammable. 

101. The ashes have a peculiar action in metal- 
lurgy : if they proceed from mineral fuels and come 
in contact with pig metal or steel during their fusion, 
they impart to these two metals the metallic prin- 
ciples of which themselves are the oxides, i. e., sili- 
con, aluminium, calcium, &e. During the refining 
of pig metal, these metals are oxidized again ; silica, 
lime, and alumina unite with iron and make it cold 
short. Then, they are noxious. 
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102. If the ashes proceed from ' 
such as wood and charcoal, the alkalies they contain 
will vitrify the earthy principles. Silicates (slags, 
cinders, scoriie) are formed thus, which can be ex- 
tracted mechanically, leaviog the iron very nearly 
pure. This explains the good quality of charcoal 
irons, and why steel is preferably worked with that 
fuel. 

Having admitted these principles, let us now de- 
scribe the various fuels. 

103. § 1. Wood is the most natural of all fuels; 
it is very likely the origin of all the others. Bitu- 
minous plants have produced pit coal ; the trunks 
and the branches of trees gave rise to lignite; the 
leaves are the origin of peat. Trunks and more or 
less carbonized impressions of plants will be found 
down in the deepest coal measures. 

104. The combustible part of wood is called Jig- 
nine, or woody fire. Ligiiiue, whether from the 
trunk or the branches, and no matter from what 
species it comes, contains, after being perfectly dried, 
nearly 50 per cent, of carbon and 6 per cent, of 
hydrogen. This is the theoretical percentage ; but 
wood holds a great deal of water. When freshly 
cut, the quantity may vary between 0.2 and 0.5. 
After long exposure to the air, part of the water 
will evaporate, but a certain quantity will remain 
always, unless expelled by drying at a high tempera- 
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ture. The wood employed in metallurgy always 
contains from 20 to 25 per cent, of water. 

105. Tbe calorific power of dried wood is 3600 
units of heat; that of common wood, holding 20 to 
25 per eeat. of water, is 2750 units of heat, on an 



106. The woods employed in the arts are divided 
into two classes : hard woods and soft woods. Oak, 
beech, elm, &c., belong to the class of hard woods, 
contain in the same volume a greater number of fibres, 
and have a closer texture. Pine, fir, linden, poplar, 
&c., belong to the class of soft woods. 

This division concurs sufficiently with the calorific 
value of these difii3rent species :— 

107. A cord of wood {4 stores or 4 cubic metres). 



one year cut, pr 


Ddocos the foil 


jwing amoun 


heat:— 






Uuita ot heat 




Oak 


6,846,000 


Hard woods 


Ash 


6,974,000 




Beech . 


5,603,000 


l-Elm . 


4,487,000 


r Birch . 
Soft woods \ <"■«'»« 


4,102,000 


4,036,000 


1 Pine . 


4,263,000 




I Poplar . 


3,069,000 
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By burning the wood accordlog to its density, we 
ought to come to the same results obtained and 
claimed by MM. Clement and Desormes, i. e., that 
witli equal weights, all kinds of woods have the 
came calorific value. 

108. § 2. Charcoal is the product of the com- 
bustion of wood in places or vessels more or less 
closed, where the access of air is more or less 
avoided. 

109. The object of this carbonization is to concen- 
trate into a smaller volume the qnaality of carbon 
disseminated in the woody fibre of the wood. 
Although beginning to be formed early, the quan- 
tity of lignine is small in young plants; with age 
the quantity increases; and in the various species 
of wood, when 20 to 26 years old, the proportion 
of lignine or woody fibre is from 90 to 95 per cent. 

110. This is the limit of its increase; the tree 
may continue to grow in size, but the quantity of 
lignine remains in exact proportion to its weight, 
if not its volume. The limit of perfection is be- 
tween 20 and 25 years: during that period of time, 
carbonization will be most advantageous. A lig- 
nine, over 25 years old, will not be more economical 
for charring; but when less than 20 years old, the 
woody fibre will produce a lesser quantity of char- 
coal. 
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111. Felling wood for charcoal ia done during the 
spring, before the sap has begun to move. A few 
months later, this might injure the growth of the 
new shoots which issue from the stump. Wood, 
when felled during the fall, will not keep well, and 
is liable to be filled with holes. The wood, cut in the 
spring, can be carbonized before the summer is over. 

112. The carbonization is done in heaps, or 
meilers, or in furnaces. 

113. The meiler is built upon a dry and well 
compressed area. The logs of wood are so arranged 
around a central stake as to make a half sphere, all 
around which are left openings to regulate the fire. 
The meiler is covered with earth, charcoal dust, and 
turf sods, in order to prevent the action of the wind, 
and the fire is so regulated as to give the wood the 
time necessary to lose its water, gases, and be 
charred without the contact of the air. 

A meiler is in itself a true furnace; but, as it is 
not entirely air-tight, much more lignine, and, of 
course, carbon are lost in the operation, than in a 
regular furnace. 

114. In heaps, 100 parts of wood rarely produce 
over 17 to 18 per cent, of charcoal, while in air-tight 
furnaces, the product runs up to 25 per cent. 

However, the yield should be 35 to 3(> per cent. 
What is the cause of such a loss ? 
7 
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115. By a careful examination of wliat is going 
on during t!ie carbonization in heaps, we see four 
(Sistiact periods or stages during tbe charriTig 
process : — 

1st. The mass becomes heated, dampness is ex- 
pelled, and much steam escapea. 

2d. Inflammation appears; the wood is very dry, 
contracts, becomes very dense, and is transformed 
into red charcoal, 

3d. Combustion is beginning; the meiler sinks 
down; scarcely any steam is to be seen, and the red 
charcoal has turned black. The operation is com- 
plete, 

4th, If the combustion is allowed to proceed, all 
the black charcoal will be burned out, and soon, 
nothing but ashes will be left. 

Summing up, we have — 

Ist Period. The sweating; dampness is expelled; 
it is the dry stage, and nothing is consumed, 

2d Period. The volatile matters escape. This ia 
the Red charcoal stage. There is 36 per cent, of it 
in the meiler. 

3d Period. Half of the red charcoal is burned. 
This is the Black charcoal stage. But 18 per cent. 
is left 

116, It is evident that, out of these three periods, 
the most advantageous is that where red charcoal is 
produced, when the weight of the product is double 
that in the third period. 
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The same might 1 
zation in air-tight V( 
the fuel is lost. 



I said in regard to the carhoni- 
sels, where about one third of 



117. It has been ascertained by experience that a 
slow carbonization will give one-third more product 
than a rapid one. For instance, with ordinary mei- 
lers, oak wood gives only 17 per cent, of charcoal 
by a rapid operation, while the product goes up to 
25 per cent, when the operation is somewhat slow. 

118. As for the calorific value of fuels, we give a 
table of the quantity of heat produced by 1 hecto- 
litre of the following fuels:-— 









Units of lieat 


Walnut charcoal . . . 292,000 


Oak 






255,000 


Ash 






219,000 


Beeeh 






176,000 


Elm 






167,000 


Birch 






153,000 


Chestnut " 






146,000 


Yoke-elm » 






176,000 


Pine 






160,000 


Poplar " 






109,000 



The absolute calorific power for 1 kilogramme of 
hese charcoals would be 6.095 units of heat. 
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119. An analysis of charcoal has giver 
Carbon .... 79 



100 



Volatile substances 
Ashes 



120. The specific {gravity of charcoal varies with 
the kinds of woods. It is — 

With "Walnut charcoal . . 0.1G6 

Maple " . . .0.114 

Oak "... 0.106 

Pine "... 0.075 

The weight in kilogrammes of a cubic metre of 
charcoal varies with the nature of the soil of the 
countries where the wood has grown. We find — 
Cher. Voegeb. 



Oak aud Beech oliarcoal . 245 


228 23 


Bircli " . 225 


22g 23 


Piue " . 205 


228 1- 


Fir " . 205 


1R5 1" 


Cliestnut " . 305 


135 14 


121. The quantity of alkalies 


contained in 


coals may be rated at — 




Oak charcoal . 


0.80 per cent 


Beech "... 


0.50 " 


Elm "... 


2,00 " 


Aspen "... 


0.60 " 


Fir "... 


0.20 " 
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122. § 3. Pit coal, or coal, is the most important 
of mineral fuels, on account of the enormous quan- 
titiea found all over the globe, and on account of its 
inflammability and its heating power. Profusely 
scattered at all depths of the crust of the earth, coal 
will outlive our forests, and will furnish to the 
wants of society a fuel which our woods will soon 
be unable to give. 

123. In regard to its industrial uses, pit coal is 
divided into three distinct classes — caking or bitu- 
minous coal, cherry or semi-bituminous coal, splint 
or close-burning coal. 

Caking or bituminous coal (Houille grasse, Fr.) 
contains bitumen, and swells when heated. It gives 
a spongy residuum called coke, which approaches 
nearly to impure carbon. 

Cherry or semi-bituminous coal (Ilouillc maigre, 
Fr.) contains little bitumen, and does not swell when 
heated. It gives a long flame, and, on that account, 
is sometimes called flaming coal. 

Splint or close-burning coal (Houille secbe, Fr.) 
does not hold bitumen, does not swell and cake, and 
produces little flame, 

124. It is probable that the early deposits of 
these fuels were only of the bituminous kind, but 
that the eruption of igneous rocks has caused a sort 
of distillation, depriving the coal of part or al! of its 
bitumen, and producing thus the cherry and splint 
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coals. What corroborates this assertion is, that 
splint coals always occur in the vicinity of meta- 
morphic rocks. 

125. From what has been said about the elements 
of combustion (99), we may infer that bituminous 
coal is more inflammable than cherry or splint 
coals, and that the latter contain more carbon. This 
is shown by the following analyses: — 





BiUiminous. 


Oierry. 


Spliiil. 


Csrbon . 


. 7ti.25 


84.10 


91.30 


IlydroKen . 


8.10 


4.45 


1.10 


Volatile matters 


. 10.83 


5.60 


1.50 


Ashes 


4.82 


5.85 


6.10 



126. The calorific power of these three kinds of 
coal is expressed by the following numbers: — 

Units of lieat. 
Bituminous coal .... 7800 
Cherry " . . . . 7200 

Splint " . . . . 6000 

127. In regard to the weight of coal, its specific 
gravity is 1.089 ; therefore the cubic metre weighs 
1.089 kilogrammes in the coal bed; but, after it has 
been extracted and broken, the same measure will 
weigh only 800 to 880 kilogrammes, on account of 
the free spaces. 

One hectolitre of coal will weigh, practically — 
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Kilogrammes 


Creiizot coal 




. 79 to 80 


Deeize " 




. 82 to 83 


Saint Etienm 


coal 


. 83 to 84 


Ln Taupe 


" 


. 85 to 86 


Anzin 


" 


. 85 to 86 


Combelle 


" 


. 86 to 87 


La Barthe 


" 


. 88 to 89 



128. Most generally, coal will contain iron pyrites, 
which it is important to remove. The presence of 
pyrites is ascertained in the ashes by their more or 
less dark color (60). Sulphur would greatly impair 
the quality of iron and steel. Coal also holds a 
certain quantity of water, which it is good to notice 
Id practice. 

129. § 4, Goke is the product of the carbonization 
of pit coal. 

130. All kinds of coal are not adapted to coke- 
making. To produce coke, some bitumen is neces- 
sary, in order to cake the molecules of carbon with 
the help of heat. With a higher temperature, the 
volatile parts of the bitumen disappear. Neverthe- 
less, it is possible to make coke with any kind of 
coal,^ provided some bitumen is added to them in 
the shape of pitch, or of very bituminous coal-dust. 
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131. The carbonization of coal is simikr to that 
of wood; it can be made in benps or in ovens. 
Sometimes it is effected between walls built around 
the heap of fine coal, forming thus a kind of half 
oven. 

132. In heaps, 100 kilogrammes of coal produce 
from 40 to 45 per cent, of good coke ; between walls 
the yield is from 45 to 50 per cent.; and in ovena 
from 60 to 66. Bat the coke made in heaps is more 
compact, brighter, and more sonorous than that 
which has been made between walls or in ovens.' 

133. The volume of coke, compared with that of 
the coal from which it is derived, is 30 per cent, 
greater with bituminous coal. "With cherry coal, 
the volume of coke produced is smaller than that of 
the coal itself; but in large operations, where va- 
rious kinds of coal are mixed, it is calculated that 
the two volumes of coal and coke are equal, 

134. The theoretical calorific value of coke is less 
than that of coal. The latter will give 7.500 uoiis 

■ As much as 70 to 75 per cent, of coke, as good as tliat 
obtained in heaps, has- been proilnoed in ovens. Ovetis will 
give, with the saino quality and qnaiitity of coal, a yield of 70 
to SO pet cent, supeiior. to that obtained in heaps. Certain 
appearances of ooka are eagerly sought for in some places, while 
in others they are a canse of discredit. The best appearance of 
coke, cateris paribus, ia its behavior during metallurgio opera- 
tions— rmns. 
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of heat on an average, while the former will produce 
but 6000 units of heat. This is due to the presence 
of hydrogen in the raw fuel. One hectolitre of coke 
represents 230,000 units of heat; one hectolitre of 
coal 630,000. It would appear that coke and char- 
coal would give very similar results, one hectolitre of 
oak charcoal producing 255,000 units of heat. How- 
ever, the value of coke is superior to that of char- 
coal from soft wooda. 

135. The coke from gas works is too brittle and 
too light to be used in metallurgy; it weighs only 
300 to 350 kilogrammes the cubic metre, while the 
manufactured coke weighs from 400 to 450 kilo- 
grammes. 

136. The object in carbonizing coal is to expel 
the bitumen and the sulphur;' but, as by this opera- 
tion coal loses half the heat which would be pro- 
duced by its complete combustion, it is difficult to 
understand such a carbonization in an economical 
way, unless all the volatilized products are collected, 
instead of allowing them to be lost in the air, as is 
generally done. 

137. Nature, by removing the bitumen from the 
coal measures nearest to the eruptive rocks, has pro- 

1 One of the principal objects is also to produce a fuel aljle to 
resist lieavy preasurcB, which will not crsck or split, and will 
allow a free circuliition of the reducing and heating gases. 
— Truus. 
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duced a natural coke in the shape of splint or close 
burning coal. This latter differs from the coke only 
by its specific gravity caused by the enormous pres- 
sure of the rocks above it. 

138. § 5. Anthracite is a peculiar fuel, very rich 
in carbon and without bitumen. There is too much 
tendency, among scientific persons, to confound splint 
coal with anthracite. It occurs in the oldest rocks, 
it presents no impressions of organic matters, and 
has for its principal characteristic — decrepitation 
when heated.' 

139. It is a powerful fuel, difficult to kindle, 
burning with little flame, and thus similar to splint 
coal and coke. Workmen give it the name of in- 
combustible coal, on account of its resistance to 
indammation. 

140. Anthracite contains no less than 90 per cent, 
of carbon; it gives an intense and constant heat 
which can he increased by a powerful blast. It can 
be burned simply with a good draft, and is adapted 
to domestic uses, as may be seen in the dwellings of 
Grenoble,' 

1 This is to a higi degree a cliaraeteristio of tie antliraoite of 
Europe. It chokes a fire bj the mnltitade of splints it prodncea 
nlien heated. 

2 In that part of Prance, anthracite is made to burn with a 
long flame under boilers, by closing the ash-pit almost entirelj 
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141. This fuel ia very advantageously used for 
metallurgy in Wales and in Pennsylvaoia. In 
b' ranee, where enormous deposits occur, it ia over- 
looked and scarcely employed for burning plaster of 
Paris and lime. 

This is the end of the preliminary observations we 
have thought useful to the manufacturer of steel, 
Those persons wishing to make a more thorough 
study of them should read the Manuel du Maitre de 
Forges, published this year (1858), by my father, 
and which is complete on that subject. 

(tiMoept when cleaning the grate) with an iron door, and intro- 
ducing in that ash-pit a small steam jut. The steam passing 
tlirough the incandeaoent fuel, is decompoaed into its two ele- 
ments, hydrogen and oxygen. The first burns readily, the 
second and the air of the draft make carbonic oi;ide and carbonic 
acid. A long flame is thus produced. Tliis might be advanta- 
geous in some oases, but the economy ia doubtfat. — Trans. 
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PART FIRST. 

STEEL AND ITS THEOILY. 



Steel. 

142. Steel is an alloy of the pure metal, iron, 
with the metalloid carbon. Therefore, iron and 
ciirbon united, whether as alloy, or by eliemical 
combination, prodace steel. 

Before describing this alloy and its properties, it 
is well to consider separately the two elements 
which, when united, make steel. This study is the 
more useful, inasmach as their behaviors are very 
di fie rent. 

143. Iron is an elementary body, very useful in 
the arts on account of its ductility, malleability, and 
tenacity. Without being entirely infusible, it will 
resist a violent fire, and will soften only at a very 
high temperature. It may then be welded with it- 
self, this being a characteristic which makes it so 
superior to-other metals. Ite specific gravity, 7.788, 
is greater than that of zinc and tin, but less than 
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that of the other industrial metals. The hardness 
of iroa is small, when that metal is chemically pure, 
but will increase when it is associated with foreign 
bodies, such as carbon, silicon, and manganese, which 
themselves are elementary and distinct bodies, 

144, The purest kind of carbon is the diamond, 
which has neither ductility, malleability, nor tena- 
city. It ia exceedingly brittle, and its hardness is 
unequalled. It is infusible, not sonorous, and its 
properties, in a word, are entirely dift'ereot from 
those of iron, Ita specific gravity (3,30) is about 
half that of iron. Pure carbon is of exceedingly 
rare occurrence in nature, and on that account is 
much valued as a gem ; on the contrary, it is very 
abundant in the impure state, as in wood, charcoal, 
mineral coal, coke, &c,, where it is the basis of fuels, 
and in soot, leather, oils, &c. 

145. The union of iron and carbon follows the 
general theory of alloys; we may compare it to the 
union of tallow with beeswax, when one of these 
substances is poured into the other which has been 
previously melted. But what is the nature of the 
alloy? Is it a chemical combination in definite 
proportions or a simple mixture? Is it a solution 
of one in the other? 

In steel we find no characteristics of a chemical 
combination by atomic weights. 
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146. 1. There are only five carburets or carbides of 
iron which are chemically combined, in definite pro- 
portions and corresponding in simplicity of formulie, 
with the natural combinations. They are the bicar- 
buret of iron, the eesqui car buret, the protocarburet, 
the bi ferriccarbnret, and the quadri-ferriccarhnret. 
Their compo.'iitiou ia: — 





Fe.C 


Fe'.C^ 

TS.Sl 
24. (i9 


Fe.C 

S2.07 
17.93 


Fb'.C 

90.15 
9.85 


Fb'.C 


Irnii .... 
Caibon . . , 


69.58 
30.42 


04. S2 
5.18 




100. 


100. 


100. 


100. 


100. 



147. The small number of analyses of cast steel, 
which are recorded, give the following results: — 







Cast-Sieel. 






Iron .... 
Carbon . . . 
Silicou . . . 


99.442 
0.333 
0.225 


99.435 
0.330 
0.235 


99.445 
0.340 
0.215 


.9.»« 
0.325 
0.315 


99.360 
0.335 
0.305 




100. 


100. 


I0». 


100. 100. 


C'emenled Steel 


Iron ... . 
Carbon . . . 
Silicon . . . 


99.32.^ 
0.450 
0.225 


99.375 
0.500 
0.125 


Se.959 
0.789 
0.252 


fls.a-io 
o.sne 

0.304 


98.P35 
O.S85 
0,280 




100. 100. 


100. 


100. 


100. 
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Iq these numbers, nothing indicatea a chemical 
proportion, or an analogy with the formulfe of car- 
burets of iron. 

148. 2. Another characteristic of chemical com- 
binations is, that they take place between bodies of 
opposite electricities, so that, at the moment of com- 
bination, the two kinds of electricity neutralize each 
other and disengage heat. When the union of carbon 
with iron takes place, not only is the temperature 
not increased, but, on the contrary, it is lowered. 

Ii9. In the alloy of these two elements, there is 
a great analogy with what is termed solution by 
chemists. 

1. During solution, one of the bodies first becomes 
liquid; it is the solvent, and afterwards receives the 
other, which dissolves in it. When the union takes 
place, the temperature is lowered. This is seen in the 
formation of steel, whereiron acts aa the solvent 
into which carbon liquefies, absorbing a certain 
amount of latent heat. 

150. 2, But earbon cannot be introduced into the 
mass of iron in an indefinite proportion. A certain 
quantity may be admitted by degrees, and this limit 
once attained, there cannot longer exist an intimate 
union. An excess will be admitted only in a state 
of mixture. This is what is called saturation. This 
phenomenon will appear in any solution, and is an 
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acknowledged fact for every alloy. This is well 
ilemonatrated by what happens daring the solution 
of sugar Iq water; the liquid may receive successive 
quantities of sugar without its clearness being im- 
paired ; bufc if a great deal be added, the transpar- 
ency of the solvent will be lessened, and the exceaa 
of sugar, being insoluble in the already saturated 
water, will remain suspended in the liquid during a 
while, and afterwards, whea the mixture baa rested, 
will be precipitated at the bottom of the vase by 
reason of its specific gravity. 

151. The same phenomenon will take place in the 
formation of steel. The iron is melted first, dissolves 
the carbon, and becomes saturated up to a certain 
definite proportion. The carbon in excess, which is 
added to it afterwards, modifies the texture of the 
steel, and produces a new substance called raw metal 
or pig-iron. Steel is produced at a middle tempe- 
rature, as will bo seen hereafter; for raw metal, a 
higher temperature is required. 

152. Thus, in the blast furnace, when the carbonic 
oxide (oxide of carbon) has deoxidized the iron ore 
and set free the pure metal, this metal, which falls to 
the lower part of the boshes through fuel at a high 
temperature, becomes first a saturated steel. It is 
only below the tuyeres that the molten metal ab- 
sorbs a new and indefinite quantity of carbon and 
becomes raw metal (pig iron). 

8* 
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153. Steel thus prodaced bas a constant compo- 
sition as regards its constituent principles, iron 
and carbon. On the contrary, raw metal produced 
by an excess of carbon bas a very variable com- 
position. More or less fusibility in the-ore, a good 
proportion of fluxes, more or less blast, tbe manage- 
ment of the furnace, &c., all will cause 'different 
qualities of pig-iron, from white crystallized metal 
up to the darkest gray pig-iron. 

We have said that, in the blast furnace, steel, 
which is the first carburet obtained, bas always a 
constant yield of carbon. This cannot be doubted,' 
because in the saturation of pure reduced iron the 
affinities react alone, and without any human hand to 
disturb the chemical apparatus; but this is different 
when the proportions of carbon and iron are left to 
the care of the workman. 

154. If nails and charcoal are put into a crucible, 
and if they are strongly and sufBeiently heated, steel 
will be produced ; but that steel will be more or less 
hard or soft, according to the relative proportion of 
its elements. Will it be inferred that there are many 
kinds of steel ? This would bo wrong. The follow- 
ing, we think, will demonstrate sufficiently that al- 
terations in the properties of pure steel are due to 
an excess of iron or of carbon outside of tbe definite 

' It wonld be better ts say : tbia is probable, nntil there are 
proofs at taud ; bat tliis is ratlier difficult to asccrtaiu wilU 
oertaiuty.— rrujFs. 
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proportions. In the first case, there is a ! 

of ductility; io the second case, thero is a t 

of brittleoess. Sometimes the whole mass will be 

truDsformed into raw metal, 

155. Carbon, the basis of industrial fuels, when 
allowed with iron, renders steel fusible at a tempera- 
tare not very elevated. How can a substance infusi- 
ble itself, give to iroa a property it does not possess? 
This has no more been explained than the vitrifica- 
tion of silica by alumina and lime. On the other 
hand the iron, which is essentially ductile, cedes part 
of its ductility to the carbon, and the alloy, in defi- 
nite proportions, possesses that quality mostly when 
it is heated. It is a remarkable fact that, when hot, 
the malleability of the iron should prevail, while, 
when cold, the brittleneas of the carbon will pre- 
dominate. 

156. In steel, sometimes part of the iron will be 
replaced by manganese, which is a metal not to be 
found in nature in a pure metallic state, but which 
has a strange analogy with iron. 

157. Manganese forms, with carbon, some chemi- 
cal carburets in the same number and with the same 
proportioDS as iron. Its equivalent weight is 27.6, 
while that of iron is 28. Manganese can be ce- 
mented the same as iron, and will produce a kind 
of steel or raw metal, whose residuum, by the action 
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of acids, is similar to that left by those two products 
of iron under a similar treatment. 

The following analvses of the five carburets of 
manganese offer a perfect analogy with the corre- 
sponding compounds of iron, previously noted 
(146);- 





M11.C' 


Mn'.C 


Mn.C 


Mni'.C 


Mii'.C 


Carbon . . . 


30.63 


75.11 
24.89 


81.91 
18.09 


90.06 
9.95 


94.77 
5.23 




100. 


100. 


100. 


100. 


100. 



158. The silver-like color of manganese and its 
feeble metallic lustre give a white appearance to the 
iron with wbich it may be combined; and to steel 
it imparts a fine bright grain, but also briltleness. 
The manufacturers of cast steel, by adding some 
oxide of manganese in their crucibles, aim at ifeeping 
the carbon in' an accurate and proper proportion. 
Indeeil, the oxygen of the manganese seiaes the 
excess of carbon, and the metal reduced will increase 
the hardness and fineness of steel. 

Mr. Robert Mushet,who lookout numerous patents 
in 1856 and 1857 for the addition of manganese to 
steel, not only claima that the former metal improves 
the quality of the latter carburet, but also asserts 
that malleable iron, by an addition of manganese, 
may be transformed into steel, without adding any 
carbon, or any irun carburet. But no fact has yet 
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been shown to prove thia assertion in a practical 
way.' 

159, Manganese acta advantageously on steels 
impregnated with silicon. 

This latter metal, unlike manganese, gives to steel 
a darker color. It is not found in the metallic state, 
but, like iron, its oxygenated compound (silica) is 
widely scattered, and is the basis of a great many 
rocks. 

160. The silica is reduced by the carbon of the 
fuel, and the silicon, set free, unites with the carbu- 
rc'tted iron, if this metal is there in the metallic 
state. Therefore, steel may absorb more or less 
silicon, making with it an alloy which has not been 

I rt !■, liknlv tliat thp ao Ldllel bteel of Mr Mu'jl-et Jr la 
lint! luj, el B but in alloy of iron anl ruangmese aim lir to 
tl e olitiined by hia fither Karsten Barzelma and others 
whn,li lUova liive a certain 1 ■irdne'ja ind may be Tery wbU 
hardened If we Jo not mistake the act on of the miiigmage 
lb entirely diflerent from the oxile of minganese the aftinity 
of oxygen for the roetil would eonutoilalanee the iffinitj of 
tarbon for iron in the pure ateel The reiult would be thit 
each lime the oxiiie would be m contact with the carburet no 
reaction would fake place but as at on la the luantitj of cation 
11 in use SB of the saturat ng proportion pirt of it woal 1 la 
espeiled m the state otaln ojtl abn aoid, while 

the chemical steel wanid ma n puce w th a p h hie addition 
of a email quantity of m tall mang n e 

On account of this hjp th t al a t n we J e gaid that 
oxido of manganese will t ' ' th j p I n f carbon. 
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Studied sufficiently, but has the property of giving 
body to the carburet of iron. 

161. Berzeliua and Stromeyer, having exposed to 
tbe highest temperature of a blast furnace a mixture^ 
of iron, silica, and charcoal, obtained the following 
alloy : — 

Iron 90.70 

Silicon 5.70 

Carbon 3.60 

100.00 
This is nothing else but a raw iron saturated with 
silicon, very apt to produce cold short iron. 

162. In the analyses we have already given (147), 
it appears that most kinds of steel contain some 
silicon, which averages 0.259 \o cast-steel and 0.237 



163. Clouet, having succeeded in alloying iron 
and silicon in the following proportions: — 

Iron 99.20 

Silicon 0.80 

100.00 

1 The mlsture was— 

Iron 300 or 58.14 

Silica 150 " 2S.07 

CUarcoal . . . . m " 1Z.-9 
100.00 
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and this alloy beeomiog somewhat hard by the pro- 
cess of hardening, it had been assiinilated to Btcel. 
Indeed, it has beea also inferred that silicon was as 
necessary as carbon in the production of steel. It 
would have teen more prudent to say, that the 
metal thus obtained was a genuine {sui generis) al- 
loy, having the characteristics of steel, but which, 
otherwise, could not take its place. 

164. Magnesium is the elementary metal of mag- 
nesia, and appears to act nearly the same as silicoo 
in steel, although it is to be found there in smaller 
quantity. The quality so much sought for in the 
manufacture of steel, of certain kinds of Swedish 
irons, may possibly be due to the presence of mag- 
nesia in spathic ores. Indeed, magnesium gives 
body and strength to steel. 

165. The same effect will he produced by alumi. 
nium, the basis of alumina, which appears to give 
to steel a very great hardness and a tenacity which 
cannot be surpassed, if we believe the metallurgist 
who asserts that aluminium enters into the compo- 
sition of the Indian steel called Woolz} The alloy 
of steel and aluminium is white, very brittle, and 
has a very fine grain. JEarsten, who has analyzed 
many kinds of iron and steel, found only traces of 

' Wlien spaabiag of tie manafaoture of ladian ateel C-^SQ), 
*e irill demenatrtte that alumisiam has notMng to do in its 
coQiposLtion, but that ita qaalit^ \a itDtirelj due to ailicou. 
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alumina, lie has observed, also, that aluminium 
renders iron cold short; but as what may impair 
the structure of iron, is, on the contrary, often 
favorable to the quality of steel, the presence of 
aluminium in the latter metal will be rather advan- 
tageous- by increasing its hardness. 

166. Manganese, silicon, magnesium, aluminium,' 
produce intimate alloys with steel, but are not 
essential in its manufacture. They add certain 
qualities, such as hardness, ductility, body, &c.; and, 
at the same time, they regulate (mostly the oxide of 
manganese) the proportion of carbon, but they are 
not indispensable. An excellent steel can be made 
■by the simple alloy of iron and carbon : Professor 
Schafl'autl, of Munich, has analyzed the steel of one 
of the hardest razors of Eogers, Sheffield, and could 
not 6nd a trace of the above-mentioned metals. 

Wc will leave then these metals and their alloys, 
and will consider only the steel made of iron and 
carbon. 

167. These two substances, as we have already 
said, form an intimate, definite, and unchangeable 
alloy, which is sometimes called chemical alloy on 
account of the constancy of its elements. This 
alloy, once made, will admit in its mass a greater 

' The alloy of Tungsten with steel, tried for tlie first time in 
Austria, is exceedingly hard, and has been found to an.^wer 
well for turning tools, chisels, &o. — Tiqiis. 
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quantity of one of the two elements; and without 
any change io its chemical nature, it may be modi- 
fied, present a different appearance, and posseaa new 
properties,' 

168. For a good understanding of the reaction of 
iron with carbon, we will take a bar of pure iron 
■which will be submitted gradually to the action of 
a combustible body. 

169. 1. The bar of iron is strongly heated in a 
blacksmith's fire, and immediately after is dipped 
into cold charcoal dust. The iron will ab.sorb in its 
pores, distended by the heat, some molecules of car- 
bon separated from the impure charcoal, and which 
will penetrate the metal to a short distance from the 
surface. The iron becomes brittle, hard, resists the 
action of the file, and may be hardened. However, 
this is not steely iron. 

170. 2. Steely iron? is the product of au -incom- 

' It seems that tlie aneienta tad ascertained the fact of a 
primitive nnclena of metal, in which were afterwards raised 
particles of a less pure material. Very likely thia is the mean- 
iug of nacleas ferri of Pliny, which Dr. Larduer translates by 
well-purgsd iron, and Mr. Vergnaud by nodular ore. These 
translations do not seem to me to correspond with the meaning 
of the Latin naturalist. 

' Steely iron being intermediate between iron and steel, is 
advantageously employed when steel is to be welded with iron, 
a^i in some tools, pieces of maobiaery, etc., requiring only a 
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plete refining of the pig metal, by which all the com- 
bined carbon is not burned out, and remains inti- 
mately mixed with the whole masa, thus making a 
beginning of an alloy. In the first case, carbon has 
been mechanically introduced into the iron; in the 
second case, carbon was already there. These two 
kinds of iron having been hardened, it will be found 
that a file will "take" the steely iron more readily 
than the cemented one, because, in the fiirmer, the 
small quantity of carbon is equally distributed in 
the whole mass, while, in the latter, the file will 
immediately come in contact with all the carbon 
which is on or near the surface. The steely iron 
is a beginning of an alloy, and the other is the 
beginning of a cemented product. 

171. 3. If the bar of iron, when cold, is put in 
the middle of a certain quantity of cold charcoal 
dust, in a vessel perfectly air-tight, and the whole 
submitted to a strong and continuous heat, the iron 
will open its pores, will soften, and the molecules of 
carbon will slowly penetrate it from the surface 
towards the centre. At the beginning, it will be 
easy to follow the motion of the carbon, because its 
small black molecules will be seen inlaid in the 
gray texture of the iron ; but when the pores of the 
metal are kept open by these molecules, carbon will 

facing ot steel. Many hammers, planes, railroad tires, etc. are 
niadB this way, mostly on (he continent of Earope. — Trans. 
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soon be scattered all over the mass, changing the 
texture of the iron, which has then a peculiar crys- 
talline appearance. 

The cementation is now complete. The metal 
thus obtained is not steel yet, although it has that 
name; but it contains the elements of steel in a 
heterogeneous and mechanically formed mass, which 
resists the action of the file, and may be hardened. 
This metal is termed cemenled steel. 

172. Its peculiar characteristic is to be generally 
covered with blisters, or cavities caused by the ex- 
pansion, at a high temperature, of molecules of car- 
bon combined with the oxygen from the iron or 
from the air in the box, thus making gaseous bub- 
bles in the texture of the cemented bar. In Eng- 
land this metal is called blistered steel, and, in 
France, ader pvule, which latter name is a corrup- 
tion of ampoule (blister), 

173. This union — we might say mechanical — of 
iron and carbon, which has not, and cannot possess 
any of the characteriatics of the true alloy, which 
presents the defects of a heterogeneous and spongy 
mass without body, loses part of those defects after 
tilting or laminating. A perfect homogeneousness 
is not thus obtained, but the texture being closer, the 
carbon is in more intimate contact with the iron, 
and the metal becomes fibrous, tenacious, and may 
be hardened. However, some doubt will always 
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exist whether the carbon ia ia the proper propor- 
tion to make, with the ironj the definite alloy of a 
true steel. 

174. 4. To transform this mechanical mixture 
into a definite alloy, and at the same time to pro- 
duce a complete homogeneousness, the cemented bar 
is broken into small pieces, about the length of one 
decimetre, and a certain quantity of these pieces is 
put into a refractory crucible, kept for several hours 
iu an intense fire. The cemented iron melts, and 
produces a homogeneous mass of pure steel, if the 
carbon and the iron are in proper proportions. 

175. If it happens that the proportions are not 
satisfactory, the workman throws into the crucible 
some charcoal dust, or substances rich in carbon,' in 
order to perfect the quantity of carbon. But, lest 
it should be in excess, some oxide of manganese is 
added, which has the property of restoring the equi- 
librium, 

176. This new product is casi steel. It does not 
always possess the requisite proportions of a definite 
alloy, although it is near enough to be taken aa 
such. When it holds too much carbon, this ia 

1 Nearly every manager of cast-steel worta lias a. secret. 
Some add old leather to the metal ; some nae sool ; while others 
prefer plumbago, etc. The only result of the addition of these 
substaoeeE is to fujtiish carltou. 
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ascertained by its bardness and brittleness after 
bardeaing. Tf, on the contrary, iron predominates, 
the hardened steel will be " mild" and softer. 

These defects are corrected by a refining process, 
which will be spoken of hereafter. 

177. Let us consider, now, what is going on 
during the formation of raw metgl. In the lower 
part of the blast furnace the air introduced by the 
tuyere combines with an atom of carbon, and ascends 
through the boshes in the state of carbonic oxide 
(oxide of carbon). This, which must be transformed 
into carbonic acid before it escapes at the upper part 
of the stack, absorbs another atom of oxygen from 
the ore, which itself becomes reduced to the mi- 
nimum of oxidation, and soon becomes pure metal. 
Then the molten iron falls through the boshes, sur- 
rounded by carbon. It dissolves part of the carbon, 
becomes saturated, and is thus transformed into 
cast -steel. 

If the slag or cinder is not iu sufficient quantity 
to envelop every drop of steel, iu order to protect it 
against oxidation when it is going to fall on the 
hearth; the blast of the tuyere will partly decarbu- 
rize the steel, and the molten mass will be a very 
white iron, a kind of half fine metal. If, on the con- 
trary, the temperature is very high, the carbon 
abundant, and the slag in sufficient quantity, instead 
of decarburization there will be a supersaturation of 
carbon, and a dissolution of this latter substance in 
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the steel already saturated to tlie proper point; this 
forms gray pig iron, 

178. The metallurgists who desire to manufacture 
steel with raw metal, understand at once what 
remains for them to do. If they employ the fine 
metal, they m ust add carhon ; if they use gray metal, 
they must burn part of its carbon. In a word, they 
must bring the carburet of iron back to the definite 
proportions of the pure steel, which is one and un- 
mingled. 

179. In the Alps, where a natural steel is manu- 
factured from raw iron, no other way is employed. 
The carburet of iron is partly refined, and the ope- 
ration is ended when the saturation of steel is nearly 
complete. This is only an approximation, because 
the appreciation of that degree of refining being left 
to the practical judgment of the workman, very sel- 
dom is the true moment of saturation obtaiaed. 

180. In the Pyrenees, a kind of natural steel ia 
obtained by the direct method. The ore is directly 
treated; the iron reduced into raw metal without 
the. knowledge of the workman,' is afterwards re- 
fined and transformed into a state somewhat like 

' Although it has been denied that in the Catalan forges, the 
ore was transfotraed into raw metal before being reduced into 
iron, it is nevertheless certain that anch raw metal may bo 
allowed to mn through the chin (opening for the escape of tlie 
alags) of the hearth, before tlie slaga are tapped oft'. 
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Steel by a peculiar mode of working. Nevertheless, 
it often happens that the workman is deceived, 
changes the direction of the blast, and, instead of 
obtaining natural steel, produces only iron, to his 
great astonishment. It is easy to understand the 
cause of this. 

181. To resume: if pure iron is cemented and 
cast; if white metal is carburized, or if gray metal 
is decarburized; if the iron ore is made to produce 
steel more or leas directly ; and if pure iron and car- 
bon are thrown into a crucible to obtain cast steel, 
it is always the same theory, perfectly clear at this 
time, and which laughs at all the mysteries prac- 
tised by charlatans, and believed by the ignorant. 

182. All the difficulty is the proper dose of car- 
bon ; there is yet no industrial way to ascertain this 
with certitude, and without experimenting. The 
practised eye of the workman, his habit of always 
treating the same material, are the only guides at 
our disposal. The result is, that every steel-works 
prodaces a different quality, and that there is a 
multitude of varieties of cast steel, 

183. After these observations purely theoretical 
and of a more or less speculative character, the fol- 
lowing extracts from a work on steel by Reaumur' 

1 Eeaumnr (Rene, Ant. FerKlianlt de), was born at La Ro- 
cLbIIk ill lfi83, and died in 1757. In his works will be found 
a complete description, drawings, and all, of the actual pro- 
frssea for eeicunting steel and making malleable iron, — Trims. 
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will be read with pleasure and surprise. It is re- 
marliable to see how this skilful metallurgist has 
been able to discover and explain the theory of 
steel; and wc do not know which is the more 
wonderful, the sagacity and oorrectneas of mind of 
the celebrated savant, or the stupidity of the steel 
manufacturers who remained so long without under- 
standing him. 

184. "The workmen who manufacture the large 
siaed files use only iron. Nevertheless, they make 
them as hard as steel files. The gunsmiths will 
give as much hardness to many parts of a gun, made 
entirely of iron, by case hardening. In this process, 
which will be fully explained hereafter, the pieces 
having received their proper shape from the hands 
of the workmen, are put into sheet iron boxes with 
a mixture of different drugs,' These boxes are 
smeared all over with some earth, and put into a 
furnace where they are submitted to a Are more or 
leas protracted, according to the size of the pieces 
they contain. These pieces being taken off the fire, 
the workman dips them when red hot into cold 
water, where they harden the same as steel. 

185. "Why does iron become able to be so 
hardened by such an operation ? In seekinjf fur the 

' We translate as nearly as posBible tlie old I'reuuh of Rcnu- 
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cause, I have ascertained that the first layers of 
metal are converted into steel. The iroa files will 
act then the same as steel flies; their teeth are of 
steel the same as the others. By experiments which 
it is useless to mention here, I have been convinced 
that this portion of iron is converted into steel, and 
of this workmen do not take notice; they use really 
steel tools, and believe them to be iron. 

186. "The inferences I have drawn from this 
observation are: that the substances employed for 
case hardening could be made use of as a basis of 
proper mixtures for converting iron into steel; that, 
if those who case harden, submitted their pieces to 
a more protracted fire, they would become steel to 
the centre; this would be useless for the tools we 
have spoken oF, which want hardness only in the 
first layers; but that observation was essential to 
me, who was endeavoring to transform iron bars 
entirely into steel. 

187. "The bases of the compositions used for case 
hardening are powdered charcoal, ashes, soot sea- 
soned with salts, and mixed with various substances 
of a vegetable, animal, or mineral nature. The 
secrets taught for converting iron into steel are 
founded generally upon these compositions; but 
each workman has his favorite ingredients, his par- 
ticular doses of which he makes a mystery. After 
all, even had the workmen of Germany, England, and 
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Other countries taught me their compositions, I 
would have nevertheless made the experiments which 
I will mention hereafter; I would not have been able 
to spare one. Independent of the advantage for the 
kingdom, the question ia itself was important 
enough to be examined thoroughly. It was neces- 
sary to ascertain if the ingredients employed were 
the best, if in their stead the effect of some other 
would not be more sure and more rapid ; to ascer- 
tain, for instance, if certain salts are worth the pre- 
ference they enjoy; if some others, which might be 
used more successfully, have not beea neglected 
in these compositions there were some substances 
which should be discarded as injurious or at leasl 
useless. It was necessary to be able to determini 
the exact proportion of every substance, to try if i 
might not be possible to make steel something 
better than is done to day; to see how far steel 
could be perfected. At last, it was necessary to sys- 
tematize the mode of operation in converting iron 
into steel, to have this art known and easy to prac- 
tise by workmen ; but this art is to be found before 
it can be described. That object could not be 
attained without a number of experiments seemingly 
enormous; I have dared to undertake them, and I 
shall be well satisfied with the work they have 
entailed upoa me, if they prove of some advantage 
to the public. 

1S8. "We cannot afford not to begin by giving 
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an idea of the way the substances necessary for con- 
verting iron into steel are employed. Ordinarily 
they use boxes or large square crucibles, into which 
are inclosed ibe bars of iron which must be trans- 
formed into steel; some persona have these boxes or 
crucibles made of sheet iron, some use cast iron, 
while some others use only clay crucibles. Instead 
of boxes, a few have furnaces built for the purpose, 
where long bars can be placed. Whatever be the 
converting apparatus, these bars are cut into lengths 
proportionate to the size of the vessels; they are 
5aid down, and a layer of the composition necessary 
for transforming them into steel is put between each 
layer of iron. The crucibles once filled are covered, 
luted, and submitted to a violent fire which is more 
or less protracted, according to the construction of 
tbe furnace, and according to the quantity and the 
thickness of the inclosed iron. The question was 
to make experiments which would show the effects 
produced upon iron by various substances separated 
or mixed together in difierent proportions, which 
would envelop that iron in a fire while it is heated 
at a temperature sufficiently high and protracted; 
with this in view, I had made a quantity of small 
clay crucibles square or oblong. All the crucibles 
for one operation were equal and similar; I inclosed 
in each crucible pieces of iron of the same quality, 
and equal in weight and in size; I gave them an 
equal heat, as near as could possibly be done; I sur- 
rounded tbe iron of each crucible with a different 
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substance or with a mixture of various substances. 
Thus, tbe differeut changes in the iron were entirely 
due to the difference of substances, all other condi- 
tions having been the same. I have often used 
crucibles which held only one-half or oueqtiarter of 
a pound of iron with the surrounding stuff; thus I 
was enabled to despatch thirty or forty experiments 
at once in a rather small furnace. If I had begun 
by experiments on a large scale, the revenues of a 
powerful state would have scarcely paid for all the 
trials I wanted to make. Therefore I will say, in 
passing, that most of those who have tried to con- 
vert the irons of the kingdom into steel, have failed 
because they began the work on too grand a scale. 
We think that some of them had the basis of the 
secret; but before they could know what was to be 
added or suppressed, according to the nature of the 
irons they had to employ, or according to the con- 
struction of the furnaces they were obliged to use, 
they always wanted to begin by converting at once 
a large quantity of iron. Their first experiments 
were so expensive, that before they were able to 
finish all those necessary to correct the proportions 
of their compositions, they had expended all their 
own means and those of the persons with whom 
they were associated. 

189, "I began by trying eight different mixtures. 
Case hardening gave me the idea of some of them ; 
I added some which I found printed, and one which 
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Mr. d'Angervilliers, attentive to the welfare of the 
kingdom, had found in Germany, while commanding 
at Strasbourg, 

190. "That first experiment was at least as suc- 
cessful as I expected ; the irons from all my cruci- 
bles, after fifty-nine hours of fire, were more than 
half converted into steel ; heated a second time, their 
transformation was complete. To be sure, they were 
not such steels as I wanted ; some were coarse, some 
scarcely harder than iron, some others were fine 
grained and hard, but they could not resist the ham- 
mer, and it would Lave been impossible to work 
them. However, it was enough to show me that I 
was in the right direction, but that it was necessary 
to distinguish what was wanting in some of my 
compositions, and what was in excess in some others. 
Every one was to be analyzed, to know the effect of 
each constituent principle, which different substances 
were afterwards to be combined in different propor- 
tions. But, in order to forget nothing, and to go as far 
back aspossible, I thought it was necessary, first, to as- 
certain if the iron which had been heated a long time 
and violently, without being exposed to the direct ac- 
tion of the flame, would not acquire thus the properties 
of steel, or if a continuous fire alone had not caused 
part of the changes I had observed. To be certain 
of the fact, I inclosed pieces of iron in different cru- 
cibles with inactive or nearly inactive substances. 
In some, the iron was enveloped with potter's clay 
10 
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similar to that of the crucible, some with lime, some 
with plaster of Paris, some with burnt bones pow- 
dered ; while with others difl'ercnt kinds of sand, 
leached ashes, and powdered glass were employed. 
All these experiments taught me that Are alone was 
Dot able to transform into steel the iron which was 
surrounded only by earthy materials nearly inactive. 
However, several of these substances had difi'erent 
effects upon the iron, which are worth being noted, 
and which might be useful. 

191. "Lime, for instance, or calcined bones, far 
from imparting some of the quality of steel to iron, 
made it softer under the file and the hammer; and 
this observation might subsequently be applied to 
uses as important as the conversion of iron into 
steel, 

192. " But a second observation, more peculiar on 
account of the preceding one, is that the plaster of 
Paris, which in itself is nothing else but the lime of 
a kind of soft stone, and from which results similar 
to those from ordinary lime might have been ex- 
pected, has produced very different effects. Indeed, 
it did not change iron into steel ; but who would 
have supposed that it was one of the most powerful 
fluxes for iron? When I had given to the crucible, 
filled with plaster of Paris, as much heat as to the 
other crucibles, I found the bars of iron reduced into 
a round and somewhat flattened mass which had 
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taken the shape of the bottom of the crucible. When 
the heat was not powerful enough to smelt the iron, 
this was entirely divided into scales which could be 
separated with the fingers, leaving only in the centre 
of the bars some fibres of soft iron. These scales 
could be broken the same as forge scales.^ I have 
sometimes covered the crucibles where I had put 
plaster of Paris, and I saw a singular phenomenon: 
the plaster would boil and spirt out of the crucible, 
the same as a liquid, but a great deal higher. They 
were true boils, true jets of a fine powder, because 
the plaster had remained powdered such as when 
put in; the crucibles I had filled with plaster of 
Paris were nearly always broken before a great heat 
had been attained. After this experiment, I have 
tried if ordinary lime or calcined bones would not 
help the fusion of iron, and I could see nothing of 
the kind. 

193. "The iron which had been surrounded with 
sand, such as that found at Fontenai-aux-Eoses, and 
which is much esteemed by the founders of Paris, 
seemed milder after it had been taken off the cru- 
cible; it would acquire its previous hardness only 
after dipping in cold water. This experiment shows 
that blacksmiths may, without fear, throw this kind 

' The reader will see by tliia parsgrapb, what was the ohemis- 
try of that epoch, and ths difficulties Rfiaumur had to ei 
We do not auppoae that, now, anybody would usfi plas 
l'aii3 (Mulphata of lime), even as a flux for ivoii — Triiin. 
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of sand i]pon tlie iron they do not want to burn 
in the forge fire, and that, without increasing its re- 
sistance to the file or the hammer. 

194. "Although the iron, during this experiment, 
had not assumed any of the qualities of stael, we 
must note in this, and several other cases, that it had 
undergone some changes caused mostly, I believe, by 
the fire. The iron bars which were fibrous lost their 
fibre, and the bars whose structure was lamellar had 
their laminte smaller. 

195. "The pieces of iron which were enveloped 
with potter's clay, English and soft clay, remained 
also pure iron. However, they seemed to resist the 
file more than those put into other compositions. 

19fi. "Leached ashes had the same effect as pot- 
ter's clay. 

197, "Glass approaches nearly to the nature of 
sands; it holds, indeed, salts which render it more 
fusible, but it keeps also the salts it has dissolved. 
The iron in some crucibles was covered with glass 
passed through a very fine sieve. This iron became 
a little harder, but without turning steel at all. 

198. "The remarkable point in this experiment 
was, that the bars, which when put iuto the crucible 
were black, dirty, and somewhat rusty, came out 
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perTeetly clear. The steel wliieli most readily gets 
rid of its scale by hardening, is not so white in the 
place where it has been hardened the most. The 
glass had melted, had soaked, and we might say, had 
washed the pieces of iron; it had absorbed all the 
dirt without touching the scales, the volume of the 
iron not having decreased sensibly. Several arts 
require an iron perfectly clean ; the scouring or 
pickling is made with sour liquids as in the case of 
the iron used for tin plates; it is possible that, in- 
stead of these liquids, a process similar to the preced- 
ing experiment could be made use of; should it suc- 
ceed, such a long and tiresome work as in tinning 
iron or making tin plates, would be avoided. 

199. "But in regard to our principal object, the 
result of the previous experiments is; that iron could 
not be converted into steel by heat alone; that heat 
is not helped by inactive substances of a too earthy 
nature, and devoid of oil or salts ; and that the earths 
themselves, do not contain anything which might 
further the conversion of iron into steel. 

200, "The persons who case harden, require the 
juice of several plants for hardening iron; many of 
them employ a great deal of garlic in their com- 
positions. Never were the most savory sauces sea- 
soned with as much garlic juice, as were the inert 
matters surrounding the iron of some of my cru- 

10* 
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cibles; but this seasoning was not active econgh, 
and did not change the nature of the iron. 

201. "I have tried afterwards what might be the 
action of seeds and fatty matters upon iron. I have 
saturated, with several kinds of grease, such as tallow, 
oils, mostly linseed oil, the earths and the lime which 
I had previously ascertained to be without effect. 
This pasty mixture was used for wrapping the iron 
of different crucibles, I found out by these experi- 
ments that oils alone cannot act upon iron to convert 
it into steel. It happens, indeed, that these oils are 
burned sooner than wanted ; and although, to pre- 
vent that rapid burning, I had mj crucible luted 
with great care, J could not perceive any change in 
the iron towards steel. 

202. " I have also tried the effect of salts, whether 
by inclosing the iron in various liinds of salts, or 
by mixing a large quantity of these salts with earthy 
and inactive substances. These experiments have 
taught also that salts alone cannot give to iron any 
property of steel; all their action was to cut the 
fibres of sofl iron, without giving it any power to 
become granular and hardened. 

203. " But I have seen that this result, which could 
not be obtained by fire alone, neither by fatty or oily 
matters alone, nor by salts alone, might be attained 
by oils and salts mixed in certain proportions. It 



d^vGoogle 



STEEL. 115 

13 known that soap is jireciaely an oil thickened by 
alkaline salts, so as to become solid. I have mixed 
soap in different proportions with earthy substances; 
the iron inclosed in that mixture was half trans- 
formed into steel; i. e., the lower part was so, while 
tlie upper part had remained iron. If tSie transfor- 
mation was not complete, this was not due to the want 
of activity of the soap, but to its melting, thus acting 
only on that part of the iron with which it was in 
contact. The iron, whose nature had been changed, 
became indeed a very inferior steel; but, such as it 
was, there was proof that the conversion of iron into 
stee! is to be expected with a mixture of salts and 
oily matters. 

204. "After that, I went on trying substances 
naturally rich in oils, and in salts; I have tried first 
these substances without any mixture. I have put in 
some of my crucibles powdered charcoal; in some 
pit coal; in some soot, as it comes out of chimneys, 
or after letting it burn. In other crucibles I put 
horn, burned to the charring point, but not to ashes, 
which was powdered and afterwards sifted; and old 
leather burned and treated the same as horn. I have 
also tried the excrements of various animals, such 
as horses, chickens, pigeons, whether burnt or un- 
burnt. I found that each of these suhstanees had 
the power to change iron into steel, and this might 
he expected from the oils and salts they are impreg- 
nated with. But all of these substances a)e not 
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equally powerful. Charcoal, soot, old burned leatlier, 
may alone change iron into a fine and hard steel ; 
but generally that steel is difficult to work, and after 
being forged remains full of cracks aud flaws. How- 
ever, these materials require a fire somewhat pro- 
tracted; the action of soot and old leather is more 
rapid than that of charcoal. Horn, so much vaunted 
by steel-makers, did not seem to me to be more ad- 
vantageous tlian soot; the effect was even less. Ashea 
do not make the iron difficult to work, but transform 
very little of it into steel ; and that steel is so coarse 
that it is not worth the name. Pigeon dung produces 
a fine steel, but harsh ; i. e., when forged at a high tem- 
perature, it would break and fly off under the ham- 
mer.^ Horse and chicken dung had scarcely any 
more effect than ordinary ashes. Pit coal, previously 
powdered and sifted, had a very rapid effect; it had 
diminished considerably the volume of the iron, and 
had corroded and transformed it into hard and fine, 
tut harsh steel, 

205. "As a general result of these last experi- 
ments, it appeared to me that several of the ingre- 
dients above mentioned would enter into convenient 
compositions for converting iron into steel, and that 
some should be avoided, or their action somewhat 
moderated, such as those which produce a harsh 

I This is due to the phospliorus foiiiid in cetlain quantity iu 
the dung of birds. — Triiiin, 
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steel. On tlie contrary the action, too slow or too 
feeble, of some others was to be increased; and for 
that, it was necessary to try if the addition of some 
salt would not make them more powerful. 

206, "Consequently! have searched how the action 
of these substances could be aided, and from what 
salts such aid might be expected. The more experi- 
ments are complicated, the more difficult it is to 
come to a decision on the causes of even their suc- 
cess. Thus, it was more difficult to decide upon the 
eifect of every salt, than upon the other materials I 
had tried. The salts, as we have already seen, do 
not aid in the transformation of iron into steel, 
when they are alone or mixed with matters of a too 
earthy nature. By other experiments I learned 
what was the action of charcoal alone. I took it as a 
basis, and I have tried what would be its effect ac- 
cording to the kind of salt with which it was mixed. 
It is in that way I thought proper to try first the 
effect of the different kinds of salts. I took an 
equal weight of each of them, which I mixed with a 
much greater quantity of charcoal. All the weights 
were equal for every crucible, and of course the 
pieces of iron were equal. Afterwards, I made 
similar trials with the same salts, but giving them 
as a basis, and for a change, a mixture of soot, 
ashes, and charcoal, whose proportions will be indi- 
cated hereafter. 

"The salts tried in these two different ways, gave 
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nearly the same results; and here is what I found 
the most striking in these experiments repeated 
several times : 

207. "It seemed to me that powerful alkalies 
helped the conversion of iron into steel, but that 
they caused that steel to be difficult to work, to be 
full of flaws, and incapable of welding or drawing 
out. This I saw when using diflerent kinds of soda, 
those of Carthagena, of Alicante, and potassa, &;c. 
The natron of Egypt, which seems to possess the 
nature of an alkali, and which some chemists give 
as an example of an alkali not made by the hands 
of man, gave me also a harsh steel, 

208. "Other salts would appear as hindering 
rather than helping the efl'ect of charcoal ; such was 
borax. I doubted also if alum or green vitriol had 
helped much in the transformation of iron ; and I 
had some certitude only after having used them in 
a much larger proportion than the other salts. 

209. "A peculiar effect of some salts is, that the 
steel they produce is not lasting. Such steel, which 
after being forged and hardened once, had a fine 
grain; when forged and hardened a second time, 
would scarcely have any grain. However, this sin- 
gular effect was not constantly produced by the 
same salts. 1 mean that, when wishing to reproduce 
such steel with the same salts, I have not always 
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succeeded. The salts which gave me sometimes a 
steel so little lasting have not the same nature, and 
this makes the phenomenon more difficult to ex- 
plain. These salts are sa! ammoniac, sel de verre,* 
green vitriol, saltpetre concentrated by tartar,^ or 
salt found after burning two parts of tartar mixed 
with one part of saltpetre. This latter salt has pro- 
duced a steel difficult to work, the same as with all 
other alkaline salts. 

"It baa been objected that steels made from 
wrought iron would lose their fine grain the more 
they are worked ; but this is not a general defect. 
It belongs to steels made with salts bearing analogy 
with those we have just spoken of. Steels from 
wrought iron will stand nearly the same as those 
made directly from the fusion of ores, when they 
have been treated with proper ingredients. 

210. "The most important conclusion I could 
draw from my experiments with salts, was that among 
all others, common salt or sea salt is the most suita- 
ble to convert iron into a fine and hard steel, easily 
forged, and which does not deteriorate by working. 
Eocksalt, or the salt extracted from the boilers 
where saltpetre is refined, although having the same 
nature, never succeeded as well as the salt extracted 
from the water of the sea. Although I believe that the 

' Wb do not know if "sel de Terre" is BoluWe glass (siliuate 
of potassa or soda) or sandiver (dross separated from glass). 
' Blaekflus.— r.BBs. 
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salt extracted from the mother liquors of saltpetre 
could take the place of that extracted from sea water, I 
state with faithfulness what appeared to me, when I 
say that I succeeded better with common salt. 

211. "In order to have more complete experi- 
ments with the salts, after haviug tried the effect of 
dry salts, I made some attempts with fluid salts, the 
spirits of salts. I have saturated with aqua fortis 
the charcoal with which I wanted to fill the crucible, 
until it had acquired the consistency of a soft paste. 
The iron covered with this paste has become a kind 
of steel, which remained siltsh after the first harden- 
ing; but after a second forging and hardening, it 
became iron again. If we had not taken as a rule, 
in this first part of the work, to avoid every argu- 
ment, this experiment would be a fit occasion to ex:- 
plain why steels made with certain salts will not 
last, as would be the case if they were produced 
with charcoal alone. I thought it was useless to go 
further with experiments on spirits of salts. It 
would not be convenient, in practice, to employ 
them ; the expenses would be greatly increased. It 
is to be feared, also, that steel produced with those 
spirits, no matter what they are, would not stand 
the fire like that made with dry salts. Moreover, 
there would be a great evaporation of the spirits 
inclosed in the crucibles.' 

' There are a great many otlier reasons for not using " such 
Bpirita," wliieli tha reader B'ill uiidetstami williout further ex- 
planation. — Tra nf. 



d^vGoogle 



STEEL. 121 

212. "Besides the salts, I thought I .should try if 
it might not be advantageous to employ various mine- 
ral substances, which are great fluxes for iron, and 
might, of course, be suspected of changing its tex- 
ture. Some of these substances are pointed out as 
excellent for some kinds of hardening. Such are 
antimony, arsenic, ordinary sulphur, and verdigris. 
But no matter how the first three substances were 
employed, I found them good only for spoiling the 
iron or the steel. As for the verdigris, used in 
small quantity, the same as with the salts, it did 
not appear to me as producing such bad effects as 
might nave been expected. It did not prevent the 
welding of Steel, which is contrary to the prejudice 
of workmen, who think that everything holding 
copper will render iron impossible to be worked. 

"The texture of the iron which had been sur- 
rounded with charcoal dust, mixed with antimony, 
had been changed ; but it was not steel. The 
lamin£e were no longer bright, neither were the 
fibres like those of iron, nor the grains like those 
of steel. The molecules had an intermediate appear- 
ance; they were flatter than the grains of steel and 
more raised than the iron laminai; they were of a 
dull color, while the fibres of iron are bright. 

"Ordinary sulphur, used in the same dose and 
with the same quantity of charcoal, as the preceding 
substances, has turned a soft iron into an intractablo 
iron, and has prevented its conversion into steel by 
the cliarcoal. But, when I had mixed tlie same 

a 
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quantity of charcoal with a weight oC the aeid of 
Kulphur proportionate to that of the sulphur in the 
preceding mixture, the iron was transformed into a 
coarse steel, difficult to weld. 

"After baving tried all the substances which I 
regarded as capable of acting upon the iron; after 
having ascertained those which should be entirely re- 
jected, and those which could be employed with some 
success, it remained to try what might be the result 
of the active materials differently combined and in 
various proportions, and among these combinations, 
which was the most advantageous. With all these 
experiments, it was not easy for the most advan- 
tageous compositions for converting iron into steel, 
to escape my attention. Indeed, the number of 
combinations was large, but not so considerable as 
might appear. It is not necessary to go forward 
by insensible degrees, when sensible effects are to be 
produced; a physical precision lies between some- 
what extended limits. 

213. "|After all these experiments, the composi- 
tions which appeared to me as answering the best, 
required only some powdered charcoal, ashes, soot, 
and common salt. But from these materials, mixed 
in different proportions, various compositions can 
be compounded. One, which I consider very proper 
for converting iron into a very fine and very hard 
steel, is made of 2 parts of soot, 1 part of charcoai, 
1 part of ashes, and |- of one part, or something 
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less, of common salt, i. e., if 16 pounds of sont are 
employed, 8 of charcoal, 8 of ashes, anil 6 or only 
5 pounds of common salt should be added. 

214. "I prefer this composition, when it is neces- 
sary to convert into .steel the irons having the best 
properties for this purpose. In another part of this 
work will be found the method of discerning the 
characteristics of these irons; but this same com- 
position is not the best adapted for certain kinds 
of iron ; by it, the steel would be too difficult to 
forge, to weld, or to draw, and after having been 
worked it would remain scabby. These kinds of 
iron require a less active composition ; the following 
is used: 2 parts of ashes, 1 part of soot, 1 part of 
charcoal, and about J of part of common salt. 

" This latter composition might, as the former one, 
be successfully employed with irons most adapted 
for becoming steel ; it will convert them, the same 
as the other, into good steel, but its action is slower. 
When this mixture is used, the operation is ended 
only after a greut deal more protracted fire; this 
reason alone would malce the first conLposition pre- 
ferable, and we might add, also, on account of a 
superior degree of fineness given to the steel. 

"Moreover, it will be seen, by what will follow, 
that this mixture may be always freely employed 
with various kinds of iron, although the steels thus 
produced are somewhat difficult to work. We will 
give the proper remedies for correciing its hud 
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effects, and these remedies will not cost much more 
in time and in cliareoal, than what \a wanting in the 
composition. Generally, in prescriptions, no chani^e 
whatever in the dose is allowed; this is nearly 
always the case with secret givers. We would imi- 
tate them, and this we do not wish, if we failed to 
give the information, that between the two compo- 
sitions we have just given, there is an infinity of 
intermediate mixtures which may be successfully 
uaed. If we have determined with such precision 
the doses of the two preceding compositions, it is 
because the workman must have a basis to stand 
upon ; because these doses show the limits between 
which it is proper to remain. Too far from them, 
there would be danger of producing coarse steel, or 
of making the operation too protracted. If, for in- 
stance, in the first composition, the dose of ashes was 
diminished or entirely omitted, it would be difficult 
to find irons which could, by it, be converted into 
steels easy to work. If, on the contrary, the quan- 
tity of ashes were increased too much, if it were to 
enter as three-fourths of the composition, and if the 
other fourth were to be divided between the charcoal 
and the soot, a much more protracted fire would be 
necessary to turn the iron into steel, or a much 
greater quantity of composition ; and often only a 
coarse steel would be produced. But when propor- 
tions intermediate between the two stated limits are 
employed, no inconvenience will arise. For instance, 
one-third of soot, one third of ashes, and one-third 
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ofcliiirco:!!, witii tlie quantily of common salt of one 
of the compositions, will produce a mixture which 
will not fail. But, if an iron having all the qualities 
for becoming a good steel is at hand, the first com- 
position is better, for the reasons already expUined; 
and, if the iron to be used has only some of the 
requisite qualities, it is more secure to use the 
second mixture. This is enough for a direction iu 
practice; we will add only as a rule that, the more 
oily matters there are in the composition, the more 
danger there is of producing a steel lull of flaws 
and difficult to forge; but the ibrination of steel is 
more rapid. The oily matters are found mostly in 
soot and charcoal; therefore, tlieir quantity will be 
lessened by diminishing the dose of the two latter 
substances, or by increasing the proportion of ashes. 
This latter is principally employed for moderating the 
effect of the two other ingredients; it acts a!so by 
its alkaline salts, which are not in sufficient quantity 
to produce the bad effects we have pointed out, when 
speaking of the action of various salts. 

" In order to obtain a greater certitude, relative to 
the bad effect of a too large proportion of oily mat- 
ters, I soaked with linseed oil the substances of the 
first, composition ; the steel was rendered very diffi- 
cult to forge, while, cce(ens paribus, it would not have 
been so, if oil had not been added to the composition, 

''Also, the dose of common salt we have indicated, 
is not 80 essential that it could not be changed ; it 
could even he entirely omitted, but the operatioji 
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would be slower; common salt mukes it more rapid, 
and contributes to the hardness and finenesa of steel. 
In the absence of common salt, a greater quantity 
of composition would be needed for the same amount 
of iron. The dose might be increased also; but up 
to a certain point it is injurious; if, for instance, 
twice the quantity is used, it is to be feared that the 
steel will be full of flaws, whether this effect is pro- 
duced by salt itself, or because it helps the absorp- 
tion by iron of the oily matters. However, an 
increase of common salt never seemed to mc to pro- 
duce such bad efl'ects as an increase of oily sub- 
stances. 

"I have put into a crucible powdered charcoal 
alone, t. e., without salt, or any other substance, but 
in large proportion, considering the weight of iron. 
This iron was converted into fine steel, but after a 
length of time nearly double what would have been 
necessary with the first composition, and this steel 
was full of flaws, afler having been forged, 

"When I introduced into my mixtures inactive 
substances, or nearly so, such as potter's clay, sand, 
or time, I have stopped or hindered the efli;ct of the 
active materials, according to the greater or smaller 
dose of the inactive ones. This was to be expected. 
However, if it was necessary to convert into steel 
some kinds of iron having too much tendency to 
become harsh steels, it would be possible to render 
them tractable, by regulating the effect of the active 
substances by some absorbing material. If, to our 
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composition miide of: 2 parts of ashes, I part of 
charcoal, 1 part soot, and three-fourtbs of a part of 
salt, we add one part of ordinary lime, or better still, 
one part of bone-lime,' i. e , one part of bones burned 
and reduced to ashes, we have a composition by 
which certain kinds of iron have become steels easy 
to forge, while with any other composition they 
would not have been able to bear the hammer. The 
proportion of inactive matters may even be in- 
creased. I have sometimes converted iron into steel 
after having mixed two parts of bone-ashes with one 
jjfirt of wood-ashes, one of charcoal, one of soot, and 
the ordinary dose of common salt. But, after all, it 
is better not to try to change into steel irons which 
require such correctives in the mixture; if their 
proportion is too considerable, they entirely prevent 
the success of the operation. For instance, I have 
tried a process published in a book of Secrets for ike 
Arts, printed at Paris, by Lambert, in 1716, t. i., page 
12, and which did not succeed, on account, I believe, 
of a dose of quicklime too large in comparison 
with the other ingredients. This process requires 
one part of soot, three fourths of a part of oak- 
ashes, one-fourth of a part of eggs mixed; the whole 
is to be boiled in twelve parts of water, until these 
twelve parts are reduced to four. The pieces of iron 
are dipped in it, and afterwards made into layers 
alternating with other layers, composed of three 

I Beware of the plvnspboniH in Ihe hones.— Trans. 
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parts of charooal, three <if quicklime, one of soot, 
and cue fourth of ono part of dried salt. This fine 
process left my iron very soft, which result I attri- 
bute to an excess of q^aieklime. 

"Sometimes I have added one eighth of a part 
of lime to my ordinary compositions. In such small 
dose it never was injurious; it was even useful by 
diminishing certain kinds of blisters, of which we 
will speak hereafter, and which sometimes raise on 
the surface of llic iron. A dose of plaster of Paris, 
smaller than that of lime, i. e., one-twelfth of one 
part, is even more efflcaeious to prevent this phe- 



" Powdered glass, which some persons employ in 
their compositions, has scarcely any other use than 
to diminish these blisters; but it is no better than 
lime or plaster of Paris, and it would be a trouble 
in the manufacture to save enough glass for 
future use. Moreover, the defect which it remedies 
is so small that it should cause no uneasiness. The 
principal object in view, in large establishments, 
is to use only those materials which are easy to 
obtain. 

"The above mentioned book, at page 81, teaches 
us another composition, one ingredient of which, 
for instance, would he difficult to obtain in large 
quantities. It is compounded of twelve parts of 
beech charcoal extinguished in urine, ten parts of 
horn, three parts of ashes of wood newly cut, and 
three parts of the powdered bark of pomegranate. 
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Where would manufacturers find tlieir Rtouk of thia 
latter powcier, whioli, moreover, I consider as more 
iiijurioua than useful ? 

21.5. "But, coming back to the two compositions 
which we regarded as preferable, they offer the ad- 
vantage of requiring only drugs which are easy to 
find everywhere, and which, excepting common salt,' 
are cheap everywhere; their preparation also is not 
expensive. The aoot may be passed through a 
coarse sieve, but if it is fine, it is better. It is not 
at all necessary to have it calcined ; thia I found 
out, after using it burnt and unburnt. As regards 
the ashes, Tiotwilhstanding all that has been said 
upon the proper choice, they are always good, when 
coming from freshly-cut wood, whatever be the 
ppecies of the tree. Ashes are sifted through a 
sieve not particularly fine ; a similar sieve may be 
used for charcoal, after this has been powdered 
with a pestle. Any kind of charcoal may be 
employed, although the most active is that of oak. 
Charcoal from white wood did not aeem to me to 
produce sensibly different results. Beech charcoal, 
which is intermediate between those from oak and 
white wood, may possibly be preferred ; but if we 
speafc openly, these differences are so difficult to 
ascertain by the most exact experiments, that such 
slight differences are of no importance in practice." 

' In Keaumnr's time common salt was vevily Iieavily taxed. — 
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QTJANTITATITE CHEMISTRY. 

216. Steel, we have said, is principally a com- 
pound of iron and carbon, and these two elements 
are to be found in it, in two peculiar slates: either 
forming an alloy in definite proportions, nearly a 
chemical combination ; or dissolved in this first alloy, 
only as a mixture. 

217. If the proportions of iron and carbon in 
the definite alloy were exactly known, the analysis 
of the compound metal, in regard to these two ele- 
ments, would be limited to the quantitative deter- 
mination of one of them, the other being ascertained 
by induction and calculation. But, although it is 
rational to think that carbon is not over a certain 
quantity, this quantity has not yet been determined ; 
or rather, there is in steel, as in pig metal, something 
which it has not yet been possible to decide upon, 
and which produces differences in analysis and 
throws a kind of mystery on that important matter. 
Until better informed, we shall be obliged to sepai'atc 
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in the assays, ihe combi'ited carbon from the uncom- 
bincd carbon or graphUic carhon. 

218. Besides carbon, as has been stated already, 
steel contains silicon, magnesium, aluminium, man- 
ganese, sulphur, and phosphorus. 

219. The steel which is to be analyzed must be 
previously reduced to a very fine powder, in order 
to facilitate the action of the reagents; on this sub- 
ject, it might be useful to consult the new edition 
(1858) of the "MaUre de Forges" where all the pre- 
liminary manipulations for these kinds of analyses 
are described accurately. 

On account of the great hardness of steel, a file 
should not be used for obtaining the flne powder to 
be analyzed ; fragments of the file itself would con- 
taminate the assay sample. It is neecpsary to break 
the pieces of steel to be analyzed, under a cylindrical 
pestle, strongly hardened, fitting into a mortar of 
hardened steel similar to those used for pulverizing 
hard minerals. The result is passed through a fine 
sieve, and the coarser fragments are, if wanted, pul- 
verized again. 

220. This powder, having been made as fine as 
possible, is separated into three portions: The first 
is for determining the proportion of carbon; the 
second, for ascertaining the quantity of sulphur and 
phosphorus; and the third one will be used for find- 
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ing out ihe various cnnntituent principles whic:li, 
excepting combined carbon, may be left in the 



221. 1. Estimalinn of (fie Carlov. — Some white 
Band is ground with some oxide of copper, and the 
mixture is calcined, in order to destroy all organic 
matters. 30 to 40 grammes of this powder are 
mixed with the same quantity of powdered steei, 
and triturated some time in an agate mortar. Dur- 
ing this trituration, the mortar is put upon a piece 
of glazed paper, in order to lose none of the powder, 
which is afterwards mixed with six or eight times its 
weight of fused chromate of lead ; the whole is then 
introduced, with the ordinary precautions, into a 
combustion tube, at the end of which- are a few 
grammes of perfectly dry chlorate of potassa. The 
combustion is then conducted in the usual way; 
the carbonic acid passes through a chloride of 
calcium tube, and is absorbed and weighed in a 
Liebig apparatus holding a solution of caustic 
potassa, whose specific gravity is 1.28. 

222. Although nitrogen has never been found in 
steel,' a search might nevertheless be made for it. 
Its percentage may be ascertained by mixing some 

' Many niPtaK, lu tlie molten state, absorb large quantities ot 
giseg sncli a'4 oxjgen, uitrogeu, hydrogen, and keep part «f 
tbeiii HI u>oliiig SPB experiments by MM. Caron, St. Cliiim 
DbtiIIb, Fifmy, and by Professors Abel, aud Graham.— 2'™ iis. 
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of the assay sample with soda lime, and absorbing 
the products of the combustion by dilute hydro- 
chloric acid, put in a Will and Warrentrapp ap- 
paratus. If there is nitrogen, chloride of ammooium 
will be produced, which can be estimated in the 
usual way, and which will give the quantity of 
nitrogen in steel. 

223, 2, Estimation of Siiljihur and Phosphorus. — 
The pulverized steel of the second portion is 
treated with fuming nitric acid at a moderate heat; 
it is soon attacked, and nitrous vapors begin to 
escape, without trace of sulphuretted hydrogen. 
The solution is then evaporated to dryness, and the 
residuum is treated again with very dilute hydro- 
chloric acid. A small quantity of this solution is 
filtered and a few drops of chlocide of barium added 
to it; after standing a few hours, if a precipitate 
appears, the remainder of the solution is filtered aud 
treated again with chloride of barium. After 
entire settling of the sulphate of baryta, it is col- 
lected upon a filter, washed, dried, and calcined, 
thus giving the necessary elements by which the 
quantity of sulphur in the metal may be calculated 
and known. 

The excess of the baryta in the solution is after- 
wards precipitated by a sufficient quantity of 
sulphuric acid, and separated by filtration. A 
solution of tartrate of ammonia is then added, in 
sufficient quantity to prevent the precipitation of 
12 
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iron by ammonia, ami a great excess is requirecl at 
this period of the operation. Sulphuretted hydrogen 
is also allowed to pass through the solution for 
several hours. 

The liquid is then left to stand in a warm place, 
until it has acquired a light yellow color. It is 
now filtered rapidly, and the precipitate washed 
with water containing some sulphide of ammonium. 
After drying, the ammonia salts are expelled by 
calcination, and the residue is a compound of 
phosphoric acid with some lime, alumina, and 
alkalies,' which are mixed with a certain quantity 
of a mixture of carbonates of soda and potassa, and 
melted in a platinum crucible. The melted mass 
is afterwards dissolved in hydrochloric acid, and the 
phosphoric acid is estimated, by the usual way, 
in the state of double phosphate of ammonia and 
magnesia. 

Instead of the method we have indicated for the 
estimation of sulphur, its proportion can be ascer- 
tained by dissolving slowly the pulverized steel in 
dilute muriatic acid and passing hydrogen through 
the solution. The gases are received in an acid 
solution of acetate of lead. If sulphur is present in 
steel, it will by this treatment he converted into 
hydrosulphuric acid, which combining with the lead 
of the acetate, produces a sulphide from which the 
wi'ight of the sulphur is deduced. 
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This analysis must be conducted with extreme 
slowness; not less than eight to ten days are re- 
quired for dissolving the proper quantity of steel. 
Pig iron requires ten to fifteen days, and wrought 
iron, four. 

224. 3. Estimation of Ornphitic Carbon, Silica, Lime, 
&c. — Let us take 30 to40 grammes of the third portion 
of pulverized steel, which are treated with diluted 
hydrochloric acid in a glass balloon. By a gentle 
heat the iron is dissolved in a few hours, leaving 
dark or black flakes flouting in the liquid. These 
are collected upon a filter previously weighed, 
washed, and dried at 100° centigrade. The in- 
crease of weight is noted, and represents the graphi- 
tic carbon with some silicate of iron and lime. The 
silica, iron, &c,, of this mixture are estimated by 
fusing the whole with nitrate of potassa, mixed with 
twice its weight of pure carbonate of soda. The 
quantity of silica, lime, &c., being ascertained, by 
the usual method, the loss of weight indicates the 
graphitic carbon. In order to corroborate this 
result, another portion of steel is dissolved in dilute 
hydrochloric acid, and the flaky residuum is col- 
lected by filtration through the fibres of asbestos put 
in the narrow part of a funnel. After drying, flakes 
and abestos together are mixed with chromate of 
lead and oxide of copper, and treated in the usual 
way employed for destroying organic matters. 
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With proper care in the experiment, the results 
obtained by the two methods must be exactly the 
same. The graphitic carbon thus estimated (and 
which we will call b for greater convenience), being 
deducted from the whole quantity of carbon found 
in the first operation by combustion, we will have 
by difference the quantity of combined carbon a. 

All the liquids are now evaporated to dryness, 
and treated again with diluted hydrochloric acid, 
which leaves behind undissolved a very small quan- 
tity of silica. This silica is collected and added to 
the silica previously obtained from the black de- 
posit. 

A small quantity of the solution is then treated 
with sulphuretted hydrogen ; and if a dark precipi- 
tate is the result, the whole is to be acted upon by 
this gas. 

If a dark precipitate is formed, it must be sepa- 
rated by filtration, and the metals it may contain are 
to be determined by the usual methods. 

Generally, however, the small precipitate by the 
action of the sulphuretted hydrogen is some sulphur 
having a milky white appearance. This is collected 
upon a filter, and some nitric acid is added to the 
solution, which is made to boil till all the iron is per- 
oxidiaed. 

Afterwards, with ammonia added in small quanti- 
ties, most of the iron is precipitated in the state of 
peroxide (ferric oxide). The last portions of this 
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metal are separated by the neutral benzoato of am- 
monia;' and from tbe weight of peroxide obtained, 
the weight of metal iii the steel is deduced. 



225. After the weight of tbe oxide of iron has been 
taken, a portion of it might be used for discovering 
traces of chromium and alumina. For this, it is suf- 
ficient to dissolve this portion of oxide in hydro- 
chloric acid, and to precipitate by an excess ofcau; 
tic potassa which will dissolve these foreign sub' 
stances, which are generally id very small quantities. 
If an excess of ammonia has not been added to the 
solution previous to the use of benzoate of ammonia, 
the precipitated iron will not contain a trace of man- 
ganese. 



226. Before separating this latter metal, the solu- 
tion and washings must be evaporated to dryness, and 
the ammonia salts expelled by calcination. After 
this treatment, the residuum has always a brown 
color, due to the presence of the oxide of manga- 
nese. It is dissolved in a few drops of hydrochloric 
acid; some ammonia is added first, and afterwards 
some sulphide of ammonium. 

The precipitate of sulphide of manganese, afl:er 
standing some time, and being slightly heated, is 



' Sneeiiiate of ainraonia, perfectly neutral, is generally e 
ployed, the precipitate obtalued being leea bulky. — Trana. 

12* 
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collected upon a filter. It may be transformed into 
sulphate of manganese, or dissolved again in hydro- 
chloric acid, precipitated in the form of carbonate, 
and after calcination is weighed m the state of red 
oxide. 

227, By ebullition the sulphide of ammonium is 
expelled from the solution from which manganese 
has been separated, and then an addition of oxalate 
of ammonia will precipitate the lime in the form of 
oxalate. This salt is calcined, and the carbonate of 
lime produced indicates the quantity of lime or of 
calcium in the analyzed steet, 

228. If it is suspected that a steel contains mag- 
nesium, the presence of this metal maybe ascertained 
by adding a few drops of phosphate of soda to the 
liquors filtered from the oxalate of lime. But it 
has never yet been found in steel, in quantity large 
enough to be weighed. Only traces may be found 
in iron. The presence of magnesia is ascertained 
only by qualitative analysis, and it may be entirely 
neglected in the quantitative analysis. 

As for the alkalies, they are found in the solution 
from which lime has been separated ; it is only 
necessary to evaporate this solution to dryness, to 
calcine and to weigh them in the state of chlorides. 
If, then, they are dissolved in a amall quantity of 
water, and a few clrops of bichloride of platinum are 
added, the pi,'tassa may be separated and weighed. 
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Tlie cliloride of sodium is found by a differential 
calculjition.' 

' The analytical eliemiat may modify ssTeral of the methods 
above indicated, in regard to reagents, ireight and size of assay 
fisniple, rapidity of operation, &c. 

Kew metliods will be found in the Chemical Newa (American 
reprint, October aud November, 1867, and April and May, 1SG8). 
But we do not yet know of any method for estimating the oom- 
faiiied carbon, superior to that of combustion as in organic 

At all events, a correct analysis of pig iron, steel or wrought 
iron, requires time and experience. Such an analysis, without 
accuracy, is not of mncli value. — Tram, 
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metalIjUrgy of steel. 



229. It results from the principles we have de- 
veloped in the first part of this work, that the manu- 
facture of steel consists in alloj'ing iron and carbon 
in a definite proportion, thua producing a perfectly 
homogeneous alloy, whose properties are a great 
tenacity when heated, and an extreme hardness when 
hardened. 

To produce this alloy, the metallurgist has at his 
dispot^al :— 

1. Iron ore ; 

2. Pig-metal or raw iron ; 

3. Wrought iron. 

230. With these materials, and charcoal which 
furnishes carbon, he can manufacture: 

1. Natural steel, by deoxidizing the iron ore, and 
carburizlng the reduced iron ; 

2. Steel from raw-metal, by removing the graphitic 
carbon (iS+), 
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3, Cemented steel, by introducing carbon into 
wrought iron (169-171). 

As tliese tliree kinds of carburetted iron are not 
pure steel, and are most of them wanting in homo- 
geneouaiiesa, they are submitted to a Jast operation, 
producing thus: — 

4. C'usl-steel, or the result of the fusion in close 
vessels of any one of the three kinds of steel we have 
just meutioiied (174-176). 

231. We shall next describe three different modes 
of liibrieation. 

We shall add to them the process employed in 
India, to produce a kind of cast-steel known under 
the name of Woolz; and we shall then examine 
several new processes of manufacture which attract, 
with more or less reason, the utmost attention from 
theoretical and practical jnetallurgisjs, such as the 
proceasesofCh^not, Bessemer, Taylor, and Uehatina. 
We shall end this second part by describing the 
working of Damascus steel and waved steel. 

I. 

Natural Steel. 

232. Natural steel, or that obtained from the iron 
ore, is made in low furnaces, having an analogy with 
certain refinery fires called Renardieres, but known 
in the Pyrenees under the name of Catalan fires or 
fm-ges. The shape of these furuuces varies with 
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every country, as well as their mode of working, 
thus making as many methods, with different names, 
hut whose principle is the same. IJence, it will be 
sufficient to describe here the manufacture in a 
Catalan forge, to understand the methods in use in 
Navarre, Biscay, Corsica, etc. 

233. The Catalan fire is prismatic. Its size 
depends on the quantity of blast it is possible to 
get; it increases with the power of the blowing 
machine. Too much blast in a furnace would be 
injurious to the uniformity of the mixture of ore 
with charcoal; while a small blast, with a large 
hearth, would produce a slow and laborious fusion. 
The quality of charcoal has also some influence on 
the dimensions of the hearth ; light charcoal from 
soft wood requires, for burning, a larger hearth than 
would be the case with charcoal from hard wood. 

Fig. 1. 
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234. However, in tbe same country, there is a great 
difference in the dimensions : at Gingla, the sides of 
the hearth are 0.43 by 0,59 metre, and the depth is 
0.81 metre; at Sahorre, these dimensions are 0.70 
by 0.70 metre for the sides, and 0.87 metre for the 
depth, 

235. These fires are used for the production of 
iron or steel, not according to the wants, but rather 
per chance, which, with rare exceptions, is more the 
ruling power than science or experience in these 
iron works of the Pyrenees. 

236. When working for iron, the tuyere must 
have a sharp inclination, in order to carry the blast 
directly into the fire, and to distribute it immediately 
upon the ore. When working for steel, the tuyere 
must be nearly horizontal, and in order that the 
ore which is smelting under the charcoal should not 
be decarburized too soon, its direction should be 
towards the cinders or slags, which must be produced 
in larger quantity for steel than for iron. 

237. Tbe projection of the tuyere over tbe hearth 
must vary with the size of the hearth, and the power 
of the fuel used. For a small fire and light charcoal, 
this projection is, necessarily, smaller than for a 
large fire and powerful fuel. It varies between 
O.li and 0.16 metre. 
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238. The angles of the hearth are rounded, thus 
producing a more or less elliptic shape. Conse- 
quently, the tuyere is somewhat turned towards the 
(/?us(iHe) back, and thus, the blast is distributed with 
more uniformity than if the tuyere was towards the 
(Ohio) front. Nevertheless, this disposition is varia- 
ble with the state of preservation of the tuyere; 
because, if it is new, the blast is projected more 
directly and in one mass; but when it is worn out, 
the blast is scattered. 

239. The ores worked for steel in the Catalan 
forges are spathic irons, rich in manganese. These 
ores are generally found all over the French and 
Spanish Pyrenees. They are roasted, and broken 
into lumps of middle size. The small pieces and 
the coarse powder are sifted and separated, thus 
forming what is called grdllade. 

240. For charging the farnace, charcoal is put on 
the left side near the tuyere, upon some charcoal 
already burning. The bottom of the hearth has 
been covered with a brasque made of charcoal dust 
well beaten down. Ou the right side, opposite the 
tuyere, and called contrevent (against the wind), a 
kind of wall or talus is made with the ore sloping 
towards the front (laiteroT), where the tap hole {cfdo) 
is situated. Tims, the right side is covered with 
ore, and the left side or tuyere side is charged with 
charcoal. The mass of ore is also covered with 

13 
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charcoal, on top of which a mixture of cliareoal 
dust, coarsely powdered ore {greilladi!), and wet slag 
is beaten down. All these materials form a kind 
of arch, which is always kept covered with moist 
powdered ore, to prevent the flame escaping by any 
opening. 

241. When the charge is complete, a blast is 
given gently and cautiously first, which is very slowly 
increased. It is a full hour after the operation has 
begun, before its entire force is allowed. 

In proportion aa the charcoal is consumed before 
the tuyere, the workman in charge replaces it by 
fresh charcoal, in order to prop the ore and to pre- 
vent it from tumbling down into the fire. By this 
mode of working, the ore baa time to become deoxi- 
dized and ready for fusion. 

When working for iron, after one and a half or 
two hours, the slag or cinders are run out from the 
tap hole. Eaw iron will often run with them, and 
a great deal more of it would escape, if the ore 
which begins to agglomerate were not pushed 
towards the tuyere, in order to hasten its deoxidiza- 
tion. When working for steel, the cinders are not 
tapped so soon; the carbide which is forming must 
have the time necessary for a complete reaction, by 
which it becomes the definite alloy under the pro- 
tection of slags, which prevent its entire decarburi- 
zation. 

The workmen have a habit of fattening the fire 
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{engrmsser h feu), i.e., of covering the mass of ore and 
charcoal with powctered ore. This method is very 
proper when ductile iron is sought for ; but its defect 
is to thicken the slags and lessen their fluidity. 

At a certain moment of the operation, the work- 
man called escola, gathers the lumps of ore which 
are not entirely smelted, and helps their fusion with 
a rich siag, which must be saved for that purpose. 
Afterwards, he unites all the agglomerated pieces 
into one mass, which is, of course, very rough. 
This operation of forming the lump is called baleijer 
te massS, in the Pyrenees. The asperities are re- 
moved with a crowbar {palenquej, and the blast, 
from the horizontal direction it had during the 
forming of the lump, is brought to its former posi- 
tion. The fire is then much increased, in order to 
complete the fusion. 



242. This being done, the blast is stopped, the 
charcoal is removed, and the lump of iron (massS) is 
uncovered. Immediately, all tVie forgemen come to 
help; one of them passes a bar through the tap 
hole under the lump ; another, standing on the front 
side of the hearth, helps to raise the metallic masa 
with a hooked bar; while a third one grasps it be- 
tween large tongs. When out of the furnace, the 
lump of iron is carried over the floor of the forge to 
the hammer {mail), where it receives a prismatic 
form. It is afterwards divided into two parts 
{massoqv.es), one of which remains on the floor of 
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the forge, and is covered with burning coal, to pre- 
vent its rapid cooling and superficial decarburizing, 
wbile the other is shingled. 

The next work is the cleaning of the hearth, in 
order to start a new operation, during the begin- 
ning of which the cold piece of iron called massoque 
is re-heated near the tuyere. This massoque is after- 
wards divided into two parts {massoquelles), which 
are also shingled. 

243. Every smelting operation lasts from five to 
six hours, and the lump of iron obtained weighs 70 
to 150 kilogrammes; generally, the charge of the 
furnace is from 210 to 450 kilog, of ore, of which 
150 to SOO kilog. are broken lumps, and 60 to 
150 kilog. are coarse powder. The consumption of 
charcoal is nearly equal in weight to the quantity 
of ore; i. e., that for producing 100 kilog, of iron 
in lump {mass^, an average of 300 kilog. of ore, 
lumps and coarse powder, and 300 kilog. of charcoal 
are required. It follows that the ore, which is gene- 
rally very rich, and contains 55 to 60 per cent, of 
pure iron, produces no more than 33 per cent. 

II. 
Steel fbrom Ba^v Iron or Ra'w Steel. 

24i. The pig metal used in the Department of 
IfSre, and in the Alps, for the manufacture of steel 
from rmo iron, sometimes called raw steel, is obtained 
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from spathic ores with cli;irei)al. It is white; ii3 
grains arc crystallized, quite large, and divergent, 
lil<e those of fine metal. However, it is not much 
dcctirbarized, because a drop of nitric acid put oil 
it wili produce a dark spot. 

245. The fires employed for converting pig iron 
into steel, are a great deal larger than those in use 
for refining; they require only 6800 cubic decimetres 
of air, while over 10,000 are required for refining. 
The cause of such a difference is, that in the work- 
ing for iron, about one-third of the blast is employed 
for decarburizing the pig metal entirely ; while iu 

Fig. 2. 




the conversion of pig metal into steel, only a small 
quantity of carbon is to be consumed. This ex- 
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plains also why tlio tuyere is horizontal, instead of 
dipping the same as ia an iron finery. 

246. The size of a raw-steel finery fire in the Is§re, 
ia one metre square and 1.50 metre deep, A sand- 
stone ia used for the bottom, and the sides are built 
with fire-bricks. 

247. This mode of working requires four men; 
one head forgeman and three assistants. 

248. The hearth is filled with tine charcoal, which 
is beaten down for two or three hours. This ia 
called making the hrasque. In the middle of thia 
carbonaceous mass a hole is dug, 0.S8 to 0,40 metre 
in diameter, and 0.50 metre in depth. This having 
been done, the hearth is filled with burning coals, 
covered with breeze (fine charcoal), and the blast 
begins to play. This preliminary heating is made 
use of for reheating there some blooms of steel, 
and drawing them afterwards. 

The cinders are then taken out with a shovel, the 
cavity is cleaned, and again filled with charcoal. 
On top of this charcoal, 600 to 700 kilogrammes of 
broken pig iron are placed, care being taken that 
they should be arranged in battlement, and sup- 
ported by a crowbar. The hearth is then inclosed 
in a wall of fine charcoal, previously dampened, 
and the whole is covered with charcoal and cinders. 
The fusion must last four hours. 

During tlieae four hours, the Ijead forgeman has 
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nothing to do but to change the crowbars supporting 
the pig iron on top of the hearth, to probe the 
molten mass, and to add a little cinder and charcoal. 

The pig iron remains thus in fusion during eight 
or nine hours, protected against the blast by a molten 
mass of slags, having a thickness of 0.15 to 0.16 
metre. The melting and molecular arrangement of 
the elements is made quietly under the influence of 
a great heat. The head founder watches the opera- 
tion attentively; increases the fluidity of the slags, 
when necessary, with some pow(3ered quartz; pre- 
vents the thickening of the metal, by increasing the 
blast; or diminishes it, to produce thickening when 
the proper time has come. 

The viscosity of the mass indicates that it has 
become steel. This is the moment for presenting 
the lumps to the direct blast of the tuyere, in order 
to burn the excess of dissolved carbon. When this 
refining has been rapidly done, an assistant takes 
one ball with the iron tongs, while another workman 
squeezes it with a sledge hammer. This ball, or 
bloom, is then carried to the tilt-hammer, where it 
is shingled and forged into a prismatic shape, of 
which all the faces are drawn flat. 

249. Twenty to twenty-one such tilted blooms 
(mnssiaiix) are thus made. 

The consumption for 1000 kilog. of pig metal is 
3500 to 4000 kilog. of charcoal. The products are — 
650 kilog. of steel. 
150 " of iron. 
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In some localities uatur;il ateel is manufacLureJ by 
another method. 

250. The pig iron is refined in a special fire, 
where it is partially decarburized; after that, it is 
taken out in pieces about 0.03 to 0.04 metre thick. 
This done, a brasque is put into the hearth, which has 
the ordinary dimensions of a finery fire — about 0.55 
to 0.60 metre. The tap-hole remiiina. 

25 to 30 kilog. of pig iron are put upon the hearth, 
and the fusion quickly occurs. This operatioi 
quires about one hour and a quarter; during this 
time, the blooms of the previous operation are re- 
heated, forged into bars, and immediately hardened, 
When the pig iron is smelted, it is left to stand, iti 
order to allow the change of texture of the molecu 
lar elements to take place. The refining is conducted 
in the way we have indicated, and the blooms are 
taken out of the fire, and drawn the same as before. 

In this operation, only a forger and his assistant 
are required, and they will manufacture, in twelve 
hours, 150 to 175 kilog, of steel. For 1000 kilog. of 
steel, the consumption is 1600 kilog. of pig metal, 
and nearly 4 Cannes' of charcoal. 

251. In "Westphalia and in Silesia, the manufacture 
of steel differs from that in France; but the same 
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principles will apply to all the methods for pro<luc- 
ing natural steel. A rapid fusion and a slow refin- 
ing, suel\ are the directions followed everywhere, 
and the theory accords with experience. 

In these countries pig iron is not previously 
refined. Gray metal ia often employed; but then 
the blast must be rapid and directed downwards, 
whilst white inetal requires a horizontal blast. With 
gray metal, the first thing to be done ia to destroy 
the graphitic or uncombined carbon; afterwards, 
more homogeneity is to be given to the remaining 
carbide. This is done by constantly stirring the 
molten metal, and thus preserving its fluidity ; by 
this working, the carbon is thoroughly distributed 
in the liquid mass which has been kept covered with 
slags. For a thorough distribution of carbon, the 
metals rich in manganese are very advantageous. 
Therefore they are in great demand, and, as they are 
generally perfectly homogeneous, they produce the 
best raw steel. 

In Westphalia and in Silesia, small plates of pig 
metal are put into the hearth, and are smelted with a 
small quantity of rich slags which are the first to 
fall, and thus cover the bottom which is made of a 
refractory sandstone. Other pieces of pig metal are 
put upon the recess plate, in order to profit by the 
heat produced ; thence they are, one after the other, 
put vertically into the fire near the right side (the side 
facing the tuyere). They are replaced by the blooms 
of the previous operation, which compress the fine 



d^vGoogle 



154 TREATISE OK STEISL. 

charcoal and prevent its dispersion. From this place, 
the blooms are brought nearer tSie fire, underneath 
the tuyere, where they are sufficiently heated to be 
drawn into bars. 

Soon, the first piece of metal is seen to soften, 
sink down by degrees, and be liquefied. Its fusion 
is hastened, if desired, by bringing it nearer the 
tuyere, which may be inclined, if necessary. The 
motion of the blowing machine is increased, in order 
to produce a rapid blast, until perfect liquidity is 
produced. At this point, the blast must be decreased ; 
some hammer scales are thrown upon the fire, and 
the mass is stirred until it again becomes pasty. 

Afterwards, a second piece of fioss, already red 
hot, is put vertically into the fire, and the blast is 
once more increased. This second piece, which 
weighs generally 15 kilog. (the weight of the first 
was only 12 kilog.) will, by smelting, render the 
pasty mass liquid again. If it appears that the mass 
has retained loo much of the nature of raw metal, a 
small quantity of rich slag is added; however, this 
is to be avoided as much as possible. The blast is 
diminished as soon as the metal is liquid, which is 
stirred until a pasty consistence is obtained; but it 
is to be feared that the metallic paste will become 
too hard by refining, and will stick to the bottom of 
the hearth. 

The third piece of plate, weighing 20 to 25 kilog,, 
is to be treated the same as the preceding ones. 
The whole mass recovers its liquidity; some rich 
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oxides are thrown into it while it is being vigorously 
stirred, and the action of the blowing machine is 
slightly slackened. If it is then seea that the metal 
sticks to' the bottom, that it is becoming malleable, 
and that it produces too fluid slags, a very rapid 
blast is given, and the mass is stirred without inter- 
ruption, in order to produce a brisk ebullition. 
When the stirring has been going on for some time, 
the mass falls down, and the metal is separated in 
the form of a cake; its working Is ended only when 
it is no longer possible to drive a crowbar into it. 

The fourth piece of pig iron, weighing about 15 
kilog,, is then put in the fire towards the centre of 
the metallic cake. This latter, being corroded by 
the raw metal only at its centre, is bored through- 
out, while the edges remain unacted upon. The 
blast, which is very rapid during the fusion, is to 
be moderated afterwards. The stirring is renewed, 
and continues until the new boil has ceased, and 
the mass has fallen. The fifth piece of raw iron 
is treated in the same way; often a sixth one is 
liquefied. During the last stirring, the blast must 
always be the strongest; however, the rapidity of 
the blast should be reduced if a hole is seen in the 
centre of the lump. 

In order to prevent the formation of a layer of 
iron upon the lump of steel, the blast must be 
stopped at the proper time. This moment is ascer- 
tained, either by the consi.stency of the mass, or by 
the formation of slags sticking to the crowbur. 
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As soon as the blowing machine is stopped, the 
charcoal is removed, the lump is uucovered and left 
to cool awhile, in order that none of its fragments 
may be detached. Afterwards, with a sledge ham* 
mer, a crowbar passing through the tap-hole is 
forced into the hearth, and helps to raise the lump 
whioh sticks strongly to the sides. This lump is 
cut into six, seven, or eight blooms, having a pyra- 
midal shape, the apex of which is towards the centre, 
because the steel is always a little harder towards 
the extremities. 

The blooms of the previous operation are drawn 
out during the fusion. After being forged into 
square bars with sides equal to B2 millimetres, they 
are delivered to the refiners. But, as these bars 
must be reduced in thickness, it would be better to 
forge them into flat bars. This would be economy, 
and the steel would be improved. 

252. The consumption of charcoal is very great; 
sometimes it runs up to 2.64 cubic metres for 100 
kilog. of steel. The waste varies according to the 
quality of the raw metal, and the skill of the work- 
men. It will often be thought a satisfactory result 
when three parts of pig iron produce two parts of 
steel. If the raw metal is better, seven parts will 
give five of steel; and sometimes, when its quality 
is very superior, four parts of it will be sufficient for 
three parts of raw steel. Therefore, 1000 kilog. of 
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Steel are produced by 1300 to 1500 kilog. of pig 
metal and 200 hectolitres of charcoal. 

Every fire is attended to by a furnace man, a head 
forger and an assistant, beciuse the working is not 
regular. 

In some steel works, old iron ia added to the molten 
mass, after the fusion of the fourth piece. The quan- 
tity of old iron is about one third of the weight of 
the bloom, 

253. In the principality of Siegen, in Styria, in 
Carintliia, in Carniole, and in the Tyrol, different pro- 
cesses are in use. The steel works of Siegen refine 
the pig iron just as it comes from the blast furnace. 

In Styria, the gray metal is converted first into 
iron, by the method of double fusion in use in that 
country. With white metal, the access of air is 
prevented as soon as the metal becomes lumpy. The 
Styrian steel, known under the name of scythe steel, 
is sometimes refined and forged into small bars. It 
is then called mock. The mock is milder than the 
stuck stahloT German steel. This is made in ordinary 
brasqued fires; the pig iron is put upon the brasque 
strongly beat«n down, and ia kept, the same as the 
blooms, with iron tonga, on the side opposite the 
tuyere. With a feeble blast the metal, is smelted 
slowly, and some rich cinder is added to it. The 
fusion ia slow in the Styrian method, and rapid in 
the German process. Therefore, in the one case, pig 
14 
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iron is refined by standing, and in the other, by work- 

The steels manuraetured for certain kinds of arms, 
swords, &;o., and known under tlie name of fine Bre- 
zian, ordinary Brezian, Roman steel, requii'e a great 
deal more care. The raw metal is first HqaefJed, and 
refined by stirring; but the lump is cut ioto several 
blooms which are reheated in a peculiar furnace 
and drawn afterward. The steel for arms is drawn 
into bars 0.026 to 0.030 metre thick; and the bre- 
zian into bars 0.010 to 0.015 metre thick. 

In the principality of Siegen, the name of edehtahl 
is given to a hard and brittle steel manufactured at 
Mussen, by a process similar to that used in the north 
of Germany; the only difference is that white metal 
from spathic ores is employed, which, of course, 
shortens the length of the operation. Besides, 
hammer scales are added, and the cinders are tapped 
only at the moment of boiling. The miilel Icaehr ia 
an edeUUihl, but not so brittle, 

HI. 
Puddled Steel. 
254. The puddling furnace for steel is somewhat 
different from the furnace for iron ; the bed is not so 
large, but deeper; the sides are generally built with 
hollow cast plates, through which cold air or water 
is made to circulate, in order to prevent the rapid 
deterioriitioo of these plates. 
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255. The raw iron employed is gray or white; 
thai produced by spathic ores with charcoal being 
preferred. 

256. The charge introduced into the furnace is 
from 140 to 150 kilog. of pig metal. A strong and 
rapid hcnt is produced, in order to prevent the de- 
carburizatioa of the surface; but as soon as fusion 
begins, the fire is lowered, and the heat is regulated 
with the damper. 

This is the time to add a slag or cinder, which must 
cover the molten metal, which will remain liquid at 
a moderate heat, and at the same time, during the 
stirring, will somewhat decarburize the pig metal by 
burning the excess of carbon. The hammer or mill 
scales, and the cinders from reheating furnaces are 
couvenient for this purpose. 

Wlien the raw metal is entirely smelted, the pud- 
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(lling process proper begins, and a flux made of per- 
oxide of manganese, common salt, and dry clay ia 
added.' This flux is mixed with the metal, and the 
whole is thoroughly stirred, mixed, and puddled Id 
every direction. After a few minutes of working, 
the damper is raised, and a new charge of 20 kilog. 
of pig metal is put into the furnace, upon a bed of 
cinders, and near the fire bridge. This pig metal is 
then allowed to liquefy. 

The mass remaining in the bed quickly boils, and 
the decarbnrization is heralded byjets of small, blue 
flame. The new metal, which had remained near the 
fire bridge, is then mixed with the boiling mass, which 
soon swells and raises. Small metallic grains are 
seen finding their way through the cinders, and 
indicate that the time for the puddling proper has 
come. 

The damper is closed about three -fourths, and care 
is taken that during the whole operation the tempera- 
ture should not rise above cherry red, or, at moat, 
above the welding heat necessary for tilted steel. 

The mass is then moved and stirred backwards 
and forwards under the covering layer of cinders. 
These signs of deearburization, i. e., the small jets 
of blue flame of carbonic oxide, disappear ; the small 
grains grow in number, become soft, and form a, 
viscous mass, the temperature of which is cherry red. 
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This is tlie time for increasing the Are, in order 
to maintain a constant heat during the operation. 
Next, the damper is completely closed; the metallic 
mass is entirely covered with the cinders, and under- 
goes the reaction necessary to the formation of steel, 
which reaction is facilitated by the presence of man- 
ganese. At times, the same as when puddling iron, 
a ball is formed underneath the cinders, and is taken 
out to the hammer. Bars, plates, rails, etc., are 
thus manufactured; and so on, until the furnace is 
emptied. 

257, At the Lohe Works, in Germany, the charge 
is 164 kilog. Six heats are made in twelve hours. 
Every charge produces 7 to 8 blooms, weighing 
each 18 to 19 kilog. on an average. 

The staff is mode of fourteen persons: — 
2 foremen. 

4 pviddlers. 

2 hammiirtaon. 

1 loan for the re-lie.itina; fmiiace. 

5 assiataiita iiiiil liclpers. 



The waste of pig metal is 20 per cent.; 9 per 
luring puddling, 11 per cent, during rehcatin; 

1000 kilog. of steel ri^quire— 

1.773 kilog. of mineral coal for puddling. 
.343 " " " for re-heuting. 

3.115 kilogrammes. 
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IV. 

Steel of Cementation. 

258. The true term should be iron of cementation, 
because the product, obtained by the process we 
are about to de.scribe, is far from being steel. It ia 
nothing more than an iron which has been prepared 
to bo trausformed ioio ateel, by introducing into its 
softened, but not fused molecules, atoms of carbon, 
which are suspended first, aod afterwards dissolved 
in it. 

259. Iron and carbon have a great tendency to 
unite, even when cold. Iron, left for aome time in 
a mass of charcoal dust, will become hardened, and, 
by and by, may be transformed into steely iron, 
which is a kind of iron much sought for in certain 
works. Our iron -masters, who lose every year ten 
per cent, of their charcoal by turning to dust under 
their sheds, would do well to take notice of this 
phenomenon for producing a new kind of iron, 
which would find a ready market. 

260. This has happened to two good men of 
Maine-ct-Loire; one was an ironmaster, the other 
an iron-dealer, both connected in business, with the 
same amount of intellect, and acting with that blind 
faith which characterizes the elect. The iron mer- 
chant having bLUght from the iron-master a small 
quantity of bar iron, an idea came to his mind that 
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tliis iron would be improved if it was re heated. Ti)e 
iron master was induced to do the extra worli, for 
which he was paid one franc the 100 kilog. The 
manufacturer, for the sake of economy, had the iron 
re-heated in charcoal dust of no value to him, the 
good man not suspectiug that he was making a 
true cementation. As the expenses were covered 
by the extra price and the increase of weight, the 
operation was made thus: in a furnace out of use, a 
first layer of charcoal dust was made, and covered 
with a layer of iron, until the alternate layers of 
charcoal and iron had reached a certain height. 
Fire was then applied, and the whole allowed to 
burn entirely awa}'. The good iron-master had no 
idea that he was making steel of cementation, and 
the worthy merchant was no more cognizant of the 
fact, although he did charge high prices to the black- 
smiths, his clients, for this so-called refined iron. 
Very likely he would have remained in that igno- 
rance, had not the author of this book revealed the 
mystery by breaking one of the bars before him. 
Zet, the revealer is not very certain that the candid 
merchant has been coovinced. 

261. The name q^ cementation is given to the ope- 
ration by which two solid substances may be alloyed 
and dissolved into each other, without either of them 
being in a state of complete fusion. 

In the cementation, iron and carbon are put in 
contact under a strong heat; but neither is melted. 
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We do not know liow tliis penetration takes place; 
because, if there is solution, one at least of the two 
substances niMst be in the liquid state; and, in this 
case, it iw diflieult to believe that iron hus required 
any fluidity.' 

Fig. 4. 




a speculative oliarac- 
of iiiliDgeu playa a 



' Several esplanations of a mora oi 
ter haye IjeBii given, in which tlie at 

great part. Mr. Caron believes that nitrogen acta like a earlier, 
a kind of stevedoi'e, in carrying molecules o( carbon into the 

H. Fi'Smy assBrts, that without nitrogen, cementation could 

not take place- 
There ia aliraya some air, and consequently nitrogen, in the 

charcoal used, and in the uasus IVom the llreplaoe, — 7Viiii.«. 
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262, The furnace employed for the manufacture of 
stee! of cementation ia a reverberatory furnace with 
a peculiar construction. Its length ia about five 
metres; the fireplace ia in the middle, and occupies 
the whole length, in order to render the heat uni- 
form everywhere. Above the fireplace are built 
the flues, which sustain the cementing chests, and 
allow a free and equal passage for the flame. Upon 
these flues are two chests occupying the whole 
length of the furnace. 

A free space is left for the passage of the flame 
around the two chests, which are built of large fire- 
bricks. Above, is an arch, which has the effect of 
concentrating the heat upon the chests. In the 
upper part of the arch, one opening is left for the 
exit of the smoke and the draft; another conical 
stack envelops the whole apparatus. 

The furnace in use at Sheffield, and employed in 
some French steel works, differs slightly from the 
one we have just described ; the opening left on the 
top of the arch for the exit of the smoke ia replaced 
by two small chimneys built at each end of the fur- 
nace, one on the right side, the other on the left. 
The draft is more equal, and the heat is more con- 
centrated under the arch ; this disposition ia there- 
fore more advantageous. 

263. The dimensions of the chests at Sheffield 
vary between eight and fifteen feet (■^,44 to 4.57 
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metres) for the length, and between two and three 
feet (0.60 to 0.90 metre) for the width, in the clear. 

The conieal stack which surrounds them ia 30 or 
40 feet high (12 to 15 metres). The operation lasts 
six to eight days. 

It is easy to understand that the dimensions of 
such a furnace are infinitely variable, according to 
the pieces which are to be cemented. Here are, 
however, the dimensions used in some works: the 
boxes are 4,25 metres in length, 0.60 to 0.90 metre 
in width and depth. 

264. The iron which is to be converted into steel 
is generally a flat iron 6 millimetres thick.' The 
bars are cut in lengths of 3.90 to 4.00 metres, 
if ihey are to be placed in chests of 4.25 metres in 
length, in order to leave the room necessary for the 
expansion; otherwise, if the bars were to touch the 
sides of the chests, they would certainly shove out 
during the dilatation. To have everything ready in 
the chests, a layer of charcoal dust 0.07 metre thick 
is spread over the bottom ; the bars of iron are laid 
upon this layer with a space between them; after- 
wards, another layer of charcoal dust 0.05 metre 
thick is added, another row of bars, and so on, until 
the chest is filled. Care has been taken that the 
space (0.07 metre) between the sides and the iron is 

' Thicker irou is also use3. — Trans. 
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filled with charcoal. The whole is covered with a 
layer of the same thickness as that of the bottom. 

As it is important that the iron should be ex- 
cluded as much as possible from contact with the 
oxygen of the air, the ehesta are covered with bricks 
liermetically luted. However, this method is un- 
satisfactory, because there are always some empty 
spaces in the cliests, and the atmospheric air fills 
these spaces. In some works, the last layer of 
charcoal is covered with fine sand previously dried, 
and no other covering is employed. The sand fol- 
lows the settling down, and steadily preserves the 
iron from contact with the air carried by the draft, 
and, at the same time, allows the vapors and carbonic 
gases to escape freely from the chest. 

By the arrangement of iron and charcoal in a 
chest 0.60 metre high, we have: — 

1 first layer of cliarcoal .... 0.07 metre. 

8 intennediiite layers of charcoal . . 0.40 " 
10 layers of iron 0.06 " 

1 upper layer of charcoal . . , 0,07 " 

Height of the olieat .... 0.60 " 
In the sides of the chests, small apertures are some- 
times left, through which trial bars may be examined, 
in order to know if the operation is regular, and 
how it progresses. These trial bars are small bars 
or heavy iron wire; they are placed at different 
heights in the chests, and by them, it is possible to 
judge the degree of cementation of the remaining 
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265. The apparatus being thus prepared, fire is 
begun in the furnace, first slowly, and afterwards 
increased gradually to its maximum, which is kept 
during the whole operation. 

This operation lasts generally eight days, for 
furnaces in which fourteen tons of steel are treated 
at once. 

When it is supposed that carbon has penetrated 
through the centre of the iron bars the most re- 
mote from the fire, the cementation is finished. 
After cooling, the charge is removed, and the chests 
are ready for another operation. 

The iron which has undergone this treatment, has 
increased in weight from 0.005 to 0.00^3. When 
taken out of the chests it is bloated in many places, 
and bursted in some others. These bloats, or rather 
these blisters, are the cause of its name Mistered steel. 

This steel requires to be reheated and hammered 
or laminated before it is sold; it is then called tilted 
steel or drawn steel. The preference is given, with 
reason, to the hammered or tilted kind, although it 
does not present so good an appearance as the other. 

266. Any kind of furnace is suitable for making 
steel of cementation ; the ordinary reverberatory 
furnace will answer perfectly well for this manufac- 
ture, provided that the chests are properly built, and 
that the flame plays all around them. 

At present, large furnaces are constructed for 
cementing pieces of forged iron of large size, such 
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as rails, wheel tires, anvils, etc. In this fabrication, 
the object sought for is only the cementation of a 
small portion of these pieces ; therefore, the cementa- 
tion is ended as soon as it is thought that the car- 
buriaation has penetrated deeply enough. The de- 
gree of cementation is also proportioned to the vari- 
ous uses of these pieces. Two advantages are thus 
obtained : one is a partial acieraiion (cementation) of 
the piece; the other is an intimate union of metals 
having a different density.' 

V. 

Cast Steel. 

267. Natural steel, raw steel, puddled steel, 
cemented steel, and all those produced by the Bes- 
semer, "Uchatius, Taylor, and other processes, have 
little homogeneousness, and are the result of a solu- 
tion of a greater or less quantity of carbon in the 
definite alloy. 

In order to reduce these mixtures to a definite 
alloy or steel, the carbon mu.^t undergo an operation 
by which ita quantity is regulated. Tliis will be 
effected by allowing the metal to rest some time in 
a perfectly fluid state, at the bottom of the crucible, 

' It ba3 been said that iron bars holding sulphur, may get rid 
of tliis impurity by the caraentation process. In this case, a 
liisulpliide of carbon wonld be formed, and expelled on aocotint 
of its great volatility. We do not know if esperiuieuts have 
been made in confirmation. Iftnie, a good u3o would be found 
for iron bars whose main impurity is sulphur. — Trans. 
15 
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at a liigli tcmper;\tQre, anil out of contact with tlic 



268. Therefore, tlie crucibles or "pota" which 
receive the imperfect steel to be smelted, must be 
able to resist a very high temperature, and that for 
a certain length of time. They are the most import- 
ant tools of the steel manufacturer, whose profes- 
sion does not require a great scientific knowledge. 

However, the construction and the moulding of the 
crucibles or pots has been, uniil now, left to the 
rule of thumb and to the convenience of workmen; 
the proprietors of furnaces, out of good-will, have 
been dependent on ignorant moulders for what forms 
over half the expense of their industry. In this 
respect, no metallurgic district is so far behind, as 
St. Etienne and its neighborhood, where, however, 
is to be found mi)re scientific knowledge than in 
any other part of the world. 

Lamenting this state of things, I thought it would 
be useful to describe minutely the manufacture of 
crucibles or "pots;" the more so, as sufb description 
is not to be found in works of this kind, and baa 
been neglected, as if it were of no moment. 

269. The crucibles must be made of materials as 
refractory as possible, according to the place of 
manufacture, and the price of clay. The cost of 
fabrication will be the guide on this subject. 



d^vGoogle 



CAST STEKf.. 171 

270. The refractory clays vary greatly, and are dis- 
tributed everywhere; tbere are few countries where 
they cannot be found. The geological nature of the 
ground will often point out the quality of the clay. 

All silicates with a basis of alumina are adapted 
to the manufacture of refractory materials. But it 
is very important that they should not contain po- 
tassa, soda, lime, alkalies, or metallic oxides, at least 
ill notable quantity. 

In the'primeval rocks, amid the debris of gneiss, 
deposits of kaolin occur which is highly refractory. 

In the rocks of transition, many kinds of suitable 
silicate of alumina are found. Often, these rocks 
contain deposits of graphite which, when abundant, 
is the best refractory materia! in use. Such silicates 
occur also in the secondary rocks; but it would be 
useless to search for them in the upper formations. 
Indeed the clay of tertiary rocks holding lime is 
useless, on this account, for our wants. 

The refractory clays generally contain 50 per 
cent, of silica, 33 of alnmina, and the balance water. 
The presence of alkalies or metallic oxides would 
injure their quality. 

271. Many earths may be variously mixed, thus 
acquiring refractory qualities. One might unite a 
very white river sand with a sufficient proportion of 
alumina,' to give it some cohesion and resistance. 

' Bj alumina llie author oHrtaiiily weans "clay" or silicate 
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One-fourth of white or slightly bine alumina ami 
three-fourths of ground white sand give un excellent 
paste, which well resists the fire. 

The English fire-bricks are made the same, only 
the sand of the mixture is fine and has not been 
ground. Coming out of the kilns, they have a slight 
pink color, and their cohesion is so feeble, that the 
edges will easily crumble under the fingers. How- 
ever, they are justly celebrated for the building of 
furnaces. 

Nevertheless, it rarely hnppcns thut the pots for 
smelting steel will resist during a great number of 
operations: being put in close contact with the fuel, 
the ashes, carried away by the draft, will stick to 
their outer surface, and will cnusc a rjifiid vitrification. 

The clays which have been chosen according to 
the above indications, must undergo several opera- 
tions before moulding. 

It will be good to leave them exposed to the air 
and rain for a certain length of time; water will 
wash out a large portion of the iron oxides, which 
they always contain in a greater or less quantity. 

When the clays are to be used, they must be 
ground, sifted as fine as possible, and washed with 
great care. Afterwards, they are mixed, pressed, 
drawn, and corrugated until they have acquired the 
proper plasticity. When they are firm enough to 
be moulded, the workman kneads them again with 
a pestle or a mallet, and forms lumps large enough for 
the si/.e of crucibles. Care must be taken that these 
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kmips sliouM be a little moretlian what is necessary, 
but never leas; because an addition of clay, wheo 
making the pot, would destroy its solidity. 



272, The moulds used for makinglhe smelting pots 
for steel, are of brass; cast iron would be too heavy, 
and iron too expensive. The 
annexed figure shows their form. l-ie 5 

Their size varies with the quan- 
tity of steel to smelt. Generally 
the depth is 0.90 metre, the dia- 
meter in the clear O.IS metre, 
and the thickness 0.02 metre for 
the sides, and 0.03 metre for the 
bottom; they have two projecting 
handles for lifting. The bottom, 
which is concave, ia perforated 
with a hole of about 0.05 metre 
diameter, and receives a movable 
bottom perforated with a hole 
0.02 to 0.025 metre diameter. 
This movable bottom has a convex surface, which 
corresponds as nearly as possible with the bottom of 
the mould, and a flat surface upon which the pot 
rests. 

The mould stands firmly in a hole made in the 
floor, and room ia lefi to allow the workman to 
reach the handles. In order to give more solidity 
and correctness, the bottom and sides of the hole are 
lined with strong pieces of wood. At the bottom is 
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also a perforation of 0.02 to 0.025 metre bore, which 
corresponds exactly to that of the movable bottom. 
It is used for passing the centre spindle of the plugs. 
The mould thus prepared is smeared with oil, and 
the workman throws into it a cylindrical lump of 
clay, which he presses firmly with a kind of pestle 
(see figure 6). Afterwards, a centring board made 
of wood, lined with iron, and with a hole equal to 
that of the movable bottom, is inserted into the 
mould. Through the hole of this centring board a 



Fii;. e. 




spindle of iron is pasned and pressed downwards, 
until it goes, through the clay and the movable bot- 
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torn, as far as the hole bored in the basis which sup- 
ports the moulds. 

When the spindle and the centring board are 
withdrawn, the crucible is centred. The workman 
then takes a first plug, well oiled, and adjusts it to 
the spiadle which rests in the hole previously made. 
"With a mallet, beginning with gentle blows first, 
and heavy ones afterwards, he drives the entire plug 
down into the mould. 

The plugs are made of wood with a mounting of 
iron at the top. The iron spindle is round and 
pointed at the lower part, round and with a head at 
the upper one, but ?quiire where it passes through 

Fig. 7. 



the wood. Near the head, a hole is bored, through 
which a pin is inserted, which allows the workman 
to give a screwing motion to the plug. The clay 
becomes loosened, first from the mould, and soon 



d^vGoogle 



17(5 



[SE ON STKKL, 



afttir from tlie [tlug ; the workman then takes another 
oiled plug, which differs from the former onlj by 
being longer (0.70 metre.) 

Tliis new plug is driven in until its upper part is 
level with the top of the mould, and is withdrawn. 
Part of the cliiy having risen 0.10 metre above the 
mould, the workman gives it a truncated conical 
form, by means of two tin-plate moulds. But, pre- 
vious to this, the hole left at the bottom of the 
crucible is scraped with a tool liere represented, in 

Fig. 8. 




order to extract all the clay which has been impreg- 
nated with the oil used for smearing the spindle and 
the plug. Next, a small lump of clay, placed at the 
end of a stick, is pressed into the opening, and the 
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whole 6rmiy united with another piece of wooi.1, 
similar in sliape to the bottom of the crucible. 

The pot, with the bottom hole closed, and ihe Icp 
bent as we have said, has the appearance shown in 
the next flgure. The next operation is to extract it 
from the mould. To do this, the workman takes the 
mould and carries it to another hole dug in the floor, 
in the centre of which is a vertical rod of iron, termi- 
nated by a fiat head of 0,05 metre diameter. This 

Fig. 9. 



r\ 






head passes through an aperture left at the bottom 
of the mould, and raises the movable bottom with 
the pot on top, while the mould is lowered down the 
floor hole. The workman then takes the pot, pulling 
gently to free it from any of the clay which has got 
into the centre hole, and carries it to the board, 
where it is left to dry awhile in the air. 
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273. The drying is finished in a drying-room, 
where the temperature is kept at about 30° G. (86° 
F.), and lasts several days, until all moisture is ex- 
pelled. When the pots are to be used, they are put 
into the smelting furnace, where the temperature ia 
increased gradually up to a cherry-red heat; at this 
point, they are ready to receive a charge. 

274. The annealing of the pots presents great diffi- 
culties, and requires a great deal of care: the fire 
must be regular; a sudden increase will make them 
crack; once properly heated, they will easily bear 
the changes of heat aod cold to which they are sub- 
jected. Plumbago crucibles, particularly, after a 
powerful heating, may be dipped into water without 
being injured. 

275. In many works, the upper part of the cruci- 
bles is straight, without the conical form adopted by 
others. Their manufacture is rather simplified; one 
plug will be sufficient for the moulding; thus, three 
tools and three manipulations are dispensed with. 
However, the conical form has some advantages, as 
a greater facility in covering and uncovering during 
the fusion, mostly when several pots are put in one 
furnace. 

276. In the place where the pots are moulded, and 
wiLh the same clay, small flat disks are made, to be 
usi,'d as stiinds and lids for the pots, with which tluiy 
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are dried and burnt. These stands or supports for 
the crucible protect its bottom, and, at the same time, 
raise it to where the fire Is the most powerful. 

277. Jn a day often hours' work, a workman e;in 
make thirty pots, preparing the clay besides. In 
some steel works, where improved methods are in 
use, as many as six successive fusioos are performed 
in the same pot. 

Many more might be effected in plumbago cruci- 
bles; but their cost is greater and the materials are 
difiicult to obtain. 

278. Graphite or plumbago is a carbide of iron 
very rich in carbon ; its two principal characters are 
to leave a black streak on paper, and to be infusible. 

Graphite occurs in the crystalline rocks, where it 
forms veins, or irregular pockets, like chaplets. At 
Borrowdale the pockets are somewhat considerable ; 
at Cabo-de-Penas, in Asturia, the veins are of a small 
depth. It occurs also at Pontivy, in Brittany; at 
Marbella, in Andalusiii; in Bavaria, Siberia, America, 
at the Cape of Good Hope, &c. 

279. The graphite employed in the manufacture 
of pencils contains sometimes as much as 96 per 
cent, of carbon ; as, for instance, the Borrowdale 
graphite. At Sheffield, the graphite in use is pro- 
perly a refractory clay with a small percentage of 
plumbago, scarcely 9 per cent. However, some of 
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these graphites may be mix{;d with over one-balf of 
silicate of alumina (clay), and resist well the most 
ardent fire, during fifteen successive charges of 
enamels with a basis of lead. 

280. The furnaces employed for the fusion of steei 
are similar to those used in brass foundries, or in 
laboratories; they are air furnaces, made with a 
rectangular hearth having at the bottom a grate, 
upon which rest the crucible aud the fual. 

281. Thc^e small furnaces are 0.50 metre long, 
0.35 to 0.-40 metre wide, and 1 metre deep above 
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the grate.' On top is a movable cover, which 
allows the putting ia of the crucibles, the fuel, the 
charge, and, at the same time, enables the workmaa 
to see how the operation is progressing. At the 
upper part of the wall side is a flue communicating 
with the chimney or stack, which produces the draft. 
Underneath the grate, and in front, is an opening 
for the access of air and the reception of ashes. 

Such is the disposition of casting furnaces in many 
steel works. In England, their construction has been 
slightly modified, in order to secure more facility in 
the working, 

282. The Sheffield furnaces are made on the same 
principle; but the floor of the workshop ia level 
with the top of the furnace, and the covers are fixed 
by hinges to the wall at the back. A chain, with a 
counterweight, passes into a pulley-block fixed in the 
ceiling, and the other end is attached to the cover, 
which may be thus kept open, when wanted. 

Access to the ash-pits is by the under floor or 
cellar. These small furnaces are built contiguously 
to each other, A horizontal flue is used for the 
draft, and is connected with a central stack which 
does not require to be higher than 6 or 7 metres. 

Each furnace receives two crucibles which are put 
upon the stands already mentioned. Burning coals 
are added, and the temperature is gradually increased 

' These dimensions are very variable. — Trans. 
16 
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by small atlJitions of fuel, until the pots are red. 
The charge of steel of cementation is then put in. 

283. Generally, in France, the pieces of natural 
steel or of cemented steel are thrown into the pots; 
this might take corners off, or even break the bottorn. 
At ShefSelcl, a long sheet iron funnel is introduced 
into the pots, and the pieces of steel to be melted 
are thrown into it. The use of this cAarjer is a good 
idea, which we recommend to our countrymen. 

284, The fnel used at the beginning is pit" coal; 
coke is afterwards em ployed i n pieces as large as the 
first. The coke must be very dense and compact; 
that made in furnaces is better than that made in the 
open air. A very dense and compact coke will last 
longer, and will not necessitate the addition of a 
fresh quantity during the operation. Indeed, good 
fuel and in sufficient quantity, will last long enough 
for a complete fusion. The addition of new fuel 
might be injurious to the pots, and it would be diffi- 
cult to spread it equally; the fusion might thus be 
irregular. 

Some manufacturers, instead of coke, use pit coal, 
the flame of which surrounds the casting pots. The 
furnace is then different, and has the appearance of 
a reverberatory furnace with a fireplace for the fuel, 
which is no longer In contact with the pots. It 
would be really advantageous to employ pit coal, 
which will produce 5000 units of heat instead of 
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Fig. n. 



4900 for coke, as we have shown (49) ; but the diffi- 
culty, until now, seems to have been in combining a 
good draft with a complete surrounding of the cruci- 
bles by a powerful and constant flame. Experiments 
made on a large scale at St. Etienue and at Oham- 
bon, had to be abandoned,^ 

285. The steel of cementation, broken into small 
pieces, is introduced into the pots through the fun- 
nel or " charger" here represented. This charger is 
so constructed that it will go into the crucible, which 
will be thus protected against breaking by the pieces 
of steel thrown into it. When the charge is made, 
the pot is covered with a lid, 
the necessary quantity of fresh 
fuel is added, and the process 
is allowed to go on until the 
steel is completely fused, which 
takes place after a length of 
time learned by practice. 

However, the length of the 
operation varies with the size 
of the crucibles; in some Eng- 
lish works it is done in two 
hours; in some, six hours are 
required; in others, three hours 
only are necessary. 

It being important that atmospheric air should 
not penetrate into the pots, they are properly 

' Siemeti's gas fumriees are well spoken of.— Trans. 




d^vGoogle 



184 TREATISE ON STEEL. 

covered. For this parpose, the top of the pot has 
been ground over a flat stone, so that the lid or 
cover fita it exactly. In many steel works, the clay 
for the lids is not very refractory, in order thati 
under the intense heat, it may become somewhat 
vitrified and adhere to the top of the pots, thus com- 
pletely preventing the entrance of air. 

During the operation, the workman watches the 
fire continually, so as to add fuel if that in the fur- 
Dace is sinking; but this rarely occurs, if the fuel 
has been broken into pieces about the size of an egg. 
Sinking generally takes place when the pieces are 
of unequal size. When it is thought the operation 
is complete, the furnace is uncovered and left open 
for a few minutes, till the lids of the pots have cooled 
somewhat, that they may be easily removed. By 
waiting too long, they would harden so as to make 
it difficult to separate them; it is sufficient if they 
have become hard enough to resist the tool. The 
workman then takes hold of the uncovered pot with 
the lifting tongs, and removes it from the furnace. 

A small quantity of slag, which swims on top of 
the molten steel, is withdrawn with an iron bar or 
fiux stick; afterwards, the contents are poured into 
an iron ingot mould having within an octagonal form, 
and which has been previously smeared with some 
cJay or plumbago, in order to facilitate the separa- 
tion of the steel ingot after cooling. 

286, When the steel is poured into the mould, it 
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often happens that it ascends and runs over the top. 
To avoid this, the mould is immediately covered. 
Great dexterity is necessary in pouring. 'In some 
works, immediately after pouring, the aperture of 
the mould is closed with an iron stopper, ji'pon wbich 
the workman strikes, gently at first, more heavily 
afterwards, according as the cooling progresses. 

By cooling, steel contracts, and a pipe hole may 
be produced; this must be prevented as much as 
possible. The contraction, taking place from the 
periphery to the centre, principally when the pour- 
ing in has been too rapid, and the air had not the 
time to escape, will leave in the centre an opening 
of the size of a small finger in the whole length of 
the ingot. 

To obviate this difficulty, the molten steel should 
be directed towards the middle of the mould, with 
out touching the sides, and the pouring should be 
done slowly. 

When the steel is cold, the mould is opened and 
the ingot taken out; but it must undergo a new 
operation, in order to acquire the fine and close grain 
of the commercial cast steel. Directly from the 
mould, the grain of the steel is coarsely crystallized 
and somewhat similar to that of fine metal ; it must 
be refined, i. e., reheated and drawn under the ham- 
mer to a bar. 

The next figure is a vertical section of an ingot 

mould ; this is made of two parts, which join her- 

Itt* 
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Pig. 13. melrieally and are kept together by means 
-^jji-i of strong movable clamps and iron rings. 
I"!! " \ The mould must be larger than what is 
Ijl recLuired for the quantity of steel to be 

1. poured in. This quantity is generally 

j^l "t 15 to 20 kilogrammes. However, at 

j present, larger ingots are manufactured 

by pouring into the same mould the pro- 
duct of several crucibles. Pieces of steel of over 100 
kilogrammes are often cast in this way. 

287. There was exhibited at the exhibition of 
industry a block of steel of 6 tons; sucb a weight 
indicates some other system than fusion in crucibles 
not holding more than 20 kilogrammes. These fine 
samples, perfect in quality, were from Prussian steel 
works;' they must have required special casting 
apparatus, but on known principles. Intended for 
exhibition, such masterpieces of manufacture are 
too costly to be applied to the arts, except in certain 
particular cases. Therefore, being without interest 
as regards industrial uses, we shall not dwell any 
longer on this point, which is beyond the limits of 
this work. 

288. Manganese is a powerful auxiliary in the 
manufacture of cast steel, and its use is becoming 
more and more general. We have explained the 
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effect of such an addilion, which regulates the quan- 
tity of carbon in cast steel. 

289. Indeed, steels of cementation will not pre- 
sent, even were they taken from the same cementing 
cheat, a complete uniformity in their composition ; 
the carbon penetrates the bars only partially, and 
the pieces of steel put into the crucible are hetero- 
geneous, and with an irregular percentage of carbon. 
When it is ascertained that the steel of eementatioa 
is wanting in carbon, it is advantageous to throw 
some ground charcoal over the charge; but then, it 
is necessary to have a guide, a substance regulating 
the proportions. Manganese possesses this property. 
In the bottom of the crucible certain reactions take 
place, which are a complete mystery to the manufac- 
turer, and have a great analogy with those of the 
production of natural steel. Cast steel, in order to 
become a chemical alloy (167), must remain some 
time in the crucible, in a molten state. If fusion 
alone were needed, it could be effected in one hour; 
but in this ease, it seems that steel requires time to 
perfect itself. It is certain that changes occur in 
the molten mass, standing perfectly still, without any 
mechanical stirring, because the coarse crystals of 
steel of cementation are transformed into the close, 
fine, and compact crystals of cast steel. 

It might not be out of place to speak, here, of an 
invention by a manufacturer, Mr. BalleBn, for heat- 
ing the crucibles in a furnace where the air is forced 
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tlirough, and where a remarkable economy of fuel is 
effected. But tliis process having been monopolized 
by a company, and not bearing directly on tbe manu- 
facture of steel, we may omit it, regretting, however, 
that it is not within the reach of all cast steel manu- 
facturers: then our industry would have been able 
to compete advantageously with the Sheffield pro- 
ducers. 

VI. 
Wootz. 

290. Wootz is the name of a certain kind of steel 
manufactured in India, and which appears to have 
been knowu from time immemorial, it being a his- 
toric fact that Porus gave 30 pounds of it to Alex- 
ander. 

291. This steel is made by the natives from a 
magnetic ore, very rich, and in which silica or 
quartz is the only impurity. Its composition is — 

Iron 37.C7 

OxygBn .... 14.33 

Quartz or silica . . . 48.00 



At a glance, it is evident that the steel from such 
ore will contain a certain quantity of silicon, but no 
aluminium, as is asserted by some metallurgists. 

This mineral occurs in great abundance in the 
district of Siilem, where a great deal of steel is 
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manufactured. It forms large hills, and is extracted 
from the surface. It undergoes a preliminary pre- 
paration which consists of a stamping, after which 
tlie foreign matters are mechanically removed. 

292, The furnaces used for the manufacture of 
Indian steel vary much according to their locality. 
At Salem, their form is conical, and the height is 
not over 3 to 4 feet. The bellows are made of two 
dog-skins fitted to a bamboo tube, itself tipped with 
a clay tuyere. The ore is put upon a thick layer 
of charcoal, not otherwise prepared, in the fashion 
of the Catalan forge. After four hours of blast, the 
reduction into steel is effected, and the liquid metal 
obtained ia allowed to cool. However, before the 
cooling is complete, and while the steel remains red, 
it is cut into pieces with a hatchet, and delivered to 
the blacksmith. 

233. This steel is far from being homogeneous, and 
is very much like our natural steel. If it were to 
remain so, it would not possess the just celebrity 
acquired by the Wootz steel. 

294. The pieces of the crude steel are drawn into 
bars with the hammer, at a high temperature ; then 
these bars are cut into small pieces, which are put 
into a crucible with some dry wood of Cassia auricu- 
hta, and some green leaves of Asdepias gigantea. The 
charge is about one pound of steel. In order to 
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prevent any access of air, a lid is forced into the 
crucible, all tlie joints are perfectly luted with clay 
and allowed to dry. Twenty crucibles thus pre- 
pared are piled up in the same furnace; the whole 
is covered with charcoal, and fire is immediately 
applied. The fusion lasta two hours, and an excel- 
lent steel is produced, 

295. The mode of working by the natives is so 
imperfect, that, out of 64 per cent, of iron in the ore 
assorted and calcined, only 15 per cent, is extracted. 

296. This method, aside from its imperfections, 
has a great analogy with the processes followed in 
Europe. After all it is east steel, from natural steel, 
perfectly refined, 

297. The process presents differences according 
to locality. Sometimes the furnace where the ore 
is reduced is 4 to 5 feet high, and so conical that the 
upper part is one foot diameter, while the lower 
part is five feet. This shape is certainly for a better 
concentration of the heat. In some districts, the 
furnace is entirely made of fire clay, and is built in 
a few hours. The front part has an opening about 
one foot high, shut up with clay, and destroyed at 
every operatiou. The bellows are made of the skin 
of a goat, taken from the animal, without any longi- 
tudinal incisioQ. The legs are s<;wii up, and the 
neck is tied around a bamboo tube. The incision 
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at the tail eud has its edges straightened by pieces 
of bamboo, thus mailing a valve which can be opened 
aod shut. Handles of wood or leather allow the 
man to work them up and down. Two such bellows 
are required, and by alternately pressing them, a 
steady blast is l;ept up. The bamboo tubes are in- 
serted into other clay tubes, which are the real 
tuyeres of the furnace. 

This Is filled with charcoal, and some light burn- 
ing material being put in front of the tuyere, the 
combustion soon becomes general. At this moment 
the ore, previously moistened to prevent its falling 
through the fuel, is put on top of the charcoal, and 
the whole is covered with enough fuel to last three 
or four hours under the action of the blast. Imme- 
diately after the operation is completed, the bellows 
are stopped, the front of the furnace is broken, and 
with a pair of tongs the metallic lump is extracted 
from the hearth. 

In other places, the furnaces are also four to five 
feet high, but they are more narrow. Some have 
the shape of a truncated cone, whose base is two 
feet in diameter, while the top is one foot. 

298. The Wootz steel is sold in India in the 
shape of round disks, whose diameter is about 0.126 
to 0.127 metre, and thickness 0.025 to 0.026 metre- 
Each weighs about two pounds; the color oi the 
outside is black, and the surface is smooth. The 
texture is regular, the hardness extreme, and the 
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heaviest hand hammer will leave no impressioa 
on it. 

YII. 
New Processes. 
299. All the methods for manufacturing steel in 
an industrial way may be reduced to five: — 

1. Eeduction of the ore and carburization of the 
iron, or the direct process; 

2. Partial decarburization of pig iron in a finery 
fire; 

3. Partial decarburization of pig iron in a pud- 
dling furnace; 

4. Cementation of iron ; 

5. Fusion, by which homogeneousness is given to 
any of these steels. 

Therefore, east steel, or perfect steel (the true 
definite alloy), requires two distinct operations: — 

The carburization or cementation of iron, and the 
partial, decarburization of pig iron. 

The fusion or the transformation of the carbide 
into an alloy with definite proportions. 

300. Metallurgy has yet, as regards the chemical 
part of the production of the metal, an important 
improvement to make ; it is to reduce to one opera- 
tijii>,' the two at present required. Otherwise, it is 
to produce the definite alloy, cast steel, by the direct 
union of iron and carbon. 
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30t. If we have well understood the various pro- 
cesses known and in use, of which we have spoken, 
the chemical or definite steel, which is the true 
steel, is obtained in the following way: When re- 
fining pig iron in a low furnace, or in a puddling 
furnace, the metal is smelted rapidly, and allowed to 
stand a certain length of time under a layer of fluid 
slags, shut up from the air. There it is converted 
into steel, either by losing part of its carbon, or by 
a change in the union of carbon with iron. The 
presence of oxide of mangnnese will help this re- 
action. 

In the fusion of steel the same phenomenon oc- 
curs; perfect quietness, without contact with the 
air, more intimate combination, and the regulating 
action of manganese. 

We do not speak now of the two other modes of 
making steel, i. e., the cementation of iron, or that 
of the ore (direct process), as neither affords regu- 
larity or certainty. The former succeeds, only tie- 
cause the cementation absorbs an excess of carbon; 
the latter has so much uncertainty in it thfit the 
workman is never sure to produce steel, and oftea 
he will make ductile iron instead. 

Our deductions from the practical modes of manu- 
facturing, corroborate the inferences we have drawn 
from theory at the beginning, i. e,, that iroTi and 
carbon alone are sufficient to make steel, and that 
manganese is useful only to regulate the proportion 
of carbon. Silicon, aluminium, and other earthy 
17 
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metals, may be dispensed with, and are only acci- 
dentally to be found io the carburized metal. 

It will be noticed, that in all these processes, there 
ia no exact, mathematical proportion, and that the 
incertitude and the approximation which predomi- 
nate in them leave too much to chance. 

302, In one of these processes, Mr. W. E. New- 
ton' employs iron ore itself, instead of iron. In a 
cementing furnace, alternating layers of ore and 
charcoal are piled up with the flux the ore may 
require. The furnace is kept during forty-eight 
hours at a white heat. According to the inventor, 
the iron agglutinates into irregular sheets, and the 
slags are mechanically removed. Afterwards, the 
metal is cast, drawn, and worked for springs. Wo 
confess that this result seems to us very uncertain; 
it is contrary to the theory of the reduction of iron, 
and we are afraid the author is mistaken. However, 
Mr. Newton is the only inventor who, among the so- 
called discoverers springing up everywhere, has had 
the flaring to take in hand the direct use of the ore. 

303. Several metallurgists, among them Mr. Grace 
Calvert,' M. Fontaine, of Paris, Mr. Martien, of New 
Jersey,' Mr. Tilghman, of Philadelphia,' have ob- 
uiflEid patents for the employment of chloride of so- 
dium, and even chlorine, in the manufacture of steel. 
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304. At the close of tlie last century, David Mua- 
het' had used common saltin the metallurgy of iron; 
Samuel Rodgers' had recommended its employment 
in 1819 by the iron works of Glamorganshire. 

305. Chloride of sodium acta only by its alkali, 
which is an excellent flux for separating silica from 
iron. Therefore, In certain cases, it maybe useful in 
the metallurgy of iron; but in the manufacture of 
steel it does not act as chloride, and even less by its 
chlorine which has been proposed by Mr, Martien. 
W hen Mr. Brooman obtained a patent (1854) for the 
use of manganese and chloride of sodium, he must 
have relied upon the first substance for the manufac- 
ture of steel. The other substances which, in 1856) 
he proposed to add to the two former seem to have 
been picked up without discrimination, as they have 
little, if any, action upon earburized iron. 

306. Recently (1856), Mr. Robert Mushet, son of 
the celebrated metallurgist of Clyde iron works, ob- 
tained a patent for the addition of manganese which 
he pulverizes and throws upon the molten metal. 
In 1856 this distinguished manufacturer had taken 
not less than eight patents, all relating more or less 
lo the use of manganese. 

Some manufacturers have tried to unite pig iron 
with ductile iron, in order to unite with the latter the 
excess of carbon of the former, and thus to make a 

' Papers on Iron and Steel, p. 133, and following. 
^ S. liodgevs' LettBra, an published. 
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kind of commereiiil steel wliicli is not the chemical 
alloy, 

307. Messrs. Price and Nicholson have proposed 
to cast together fine metal and wrought iron,' and 
Mr. G. Brown' has alloyed charcoal pig metal with 
iron made from the same metal. 

308. Mr. Manory goes further;' he not only alloys 
white metal with iron brol^en into amall pieces, but 
ie adds to the molten mass oxides of iron, calcium, 
sodium, and potassium. 

309. In 1854 Mr. Sterling had an idea more 
simple and certain : it was to add to the raw metal, 
smelted in a crucible or in a reverberatory furnace, 
progressive quantities of oxide of iron," as long as it 
was necessary to improve the steel. The oxide used 
was as much as possible a magnetic ore. Besides, 
and in order to give body and hardness to the car- 
Uurized iron, some oxides of tin or zinc were added. 

Mr. Uchatius, whose process has attracted a great 
deal of attention in England, and to which on that 
account we will give a special chapter, employs also 
the oxide of iron which reacts upon the pig iron 
which is very finely granulated. The patent of Mr. 
Uchatius was taken out in 1^55, and that of Mr. 
Sterling in 1854. 

" Patent of 1855. = Patent of ISJli. ' Patent of 1S56. 
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The oxide of iron used for decarburizitig pig iron 
was naturally to lead to the idea of employing the 
oxygen of air or of steam to produce aimilar results, 
Mr, Martieii was the first to think of forcing a blast 
through cast iron in a perfect state of fluidity, 

310, It is certainly to the idea of Mr. Martien that 
the origin of the invention of Mr. Bessemer is due. 
This manufacturer, after having tried for a length of 
time the alloying of pig metal and iron according to 
the process of Messrs. Price and Nicholson, and after 
having originated two kinds of cupolas where the 
smelted pig iron passed alternately from one to the 
other, at last succeeded in decarburizing pig metal 
by a violent blast forced through its particles in the 
molten state. As an entire chapter is devoted to the 
Bessemer process, we shall not hero explain it. 

The various processes we have just described do 
not require more explanation. They have not all 
been sanctioned by experience, and most of them 
have remained in the state of theory. "We have 
ignored many of them, as being without any indus- 
trial value. The four following processes, although 
yet remaining in the state of experiment, seem to 
us each worthy of a special chapter. 

Chenot Proosss. 

311. In the ordinary blast furnace where pig iron 
is produced, there are two distinct operations, at 
two diifereiit heights of the stack. The iron ore, 

17* 
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which is a compound of iron, oxygen, and eurtliy 
matters, is reduced in the upper parts of the furnace, 
after somewhat complex reactions. 

1, At a certain height, the ore cornea in contact 
with carbonic oxide (oxide of earhon"), which unites 
wiih its oxygen, and escapps at the mouth in the 
state of carbonic acid. 

Fig. 13, 




2. The earths which accompany it become sepa- 
rated and fall to the lower part of the furnace, 
where they are transformed into slags or cinders. 
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3. The iron is reduced and remains pure. The 
height, where these reactions occur, is termed the 
zone of reduction. The heat is intense. At this 
point let us see what happens. 

The carbonic acid escaping at the top of the fur- 
nace, the iron and the slag remain, which, on account 
of their specific gravity, fall to the lower part of 
thD furnace, where the temperature is greater, and 
Tpvhere they undergo new reactions. 

312, Every one, at this stage of the operation, 
will think it would be more advantageous to extract 
the perfectly pure iron, instead of allowing it to fall 
among the incandescent coals, where it is trans- 
formed into a carbide or pig iron, 

313. Such was the idea of itr. Adrien Chcnot, 
who thought of stopping the operation just when 
the ore had been converted into pure iron. An in- 
tense heat reigns in the greater part of the furnace, 
five metres above the aone of reduction, and ten 
metres underneath. "Why should such a heat be 
kept ten metres under the point where the pure iron 
is obtained? We readily understand that when 
pig iron is wanted, such a heat is maintained under- 
neath in order that the iron shall be converted 
into pig roetal in a carburizing atmosphere. But, 
when ductile iron is wanted, we think it is useless 
and costly to keep up the combustion of the fuel, 
when the product sought for is already obtained. 
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314. ]^^lllnwing these principles, Mr, Ghenot, in- 
stead of heating the furnace underneath the boshes, 
i. e., the lower part, has directed the highest tem- 
perature to be applied at the zone of reduction. The 
combustion ends there. The pure iron thus produced 
descends gradually into cold boshes, where it cannot 
undergo any new reaction, and where it is found in 
spongy masses mixed with the earths. 

The only operation which remains is a mechanical 
separation of the iron from the earths. This is 
eflected by powerful magnets, which, being pre- 
sented to the cold and pulverized residua, separate 
the iron in a state of perfect purity. 

315. This powder of pure iron being submitted 
afterwards to an enormous pressure, which reaches 
above 700 atmospheres, has its atoms so strongly 
united that it acquires the density of iron itself, and 
may be drawn into bars, and undergo all the opera- 
tions of a forge. 

316. This compressed sponge is used by Mr. Che- 
not for cementing the iron, and converting it into 
steel. It has been found, by experiment, that it will 
absorb its own volume of liquid; therefore, it is 
sufficient to dip it into au oleaginous liquid, such as 
coal tar,' in order to produce a true carbide — not 

' Wood tar is considDred preferable, as it is more free fiom 
sulphur tliau co^l ts.r.~-Ttans. 
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by combination, but by mixture. The metallic mass 
thus impregnated is put into pots, and cast in tlie 
usual way, 

317. Tbia new metallurgy of steel, where all the 
operations c^n be made without heal, from the reduc- 
tion of the iron to the fusion of steel, will certainly 
revolutionize the metallurgy of iron. It is the 
graatest thought that wc have had for a long lime 
in applied science.' 

Bessemer Process. 

318. The process of Mr, Henry Bessemer is a de- 
carburization of pig iron by a powerful blast of air, 
whose divided molecules pass through the carburized 
iron in a liquid state. Therefore, the oxygen of the 
air being in intimate contact with the carbon of pig 
iron, takes of it just what is necessary to leave the 
definite alloy, 

319. Mr. J. e-. Martien (310) bad discovered that 

I We do not desire to difparage the efforta -which may be made 
in that direotiou, bat some facts in worliing the Clieuot process 
will show the great difficulties to oiercome before all sanguine 
espectations can be realized. The ore nmsl be perfectly pure, 
free fixim earths, and thfe^eduction complete. If alt these oondi- 
tiouB are not fnlfilled, part of tlie earths and of the nurednaed 
ore will remain in tlie sponge of iron, and wilt not he completely 
separated by the magnet. Besides, all the necessary extra pre- 
cautions are costly. The Chenot process, truly remarkable by 
the Eimplioity of its principles, has nut yet found its way clearly 
into practice. — Trans, 
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by passing a blast of air tlirougli molten pig metal, 
not ooly tiie carbon of the raw metal was destroyed, 
but also that the temperature remained high enough 
for keeping the iron in the liquid state and for cast- 
ing it. This discovery of enormous importance bad 
however remained in the state of theory, and would 
have made but a feeble sensation, had not Mr, Besse- 
mer undertaken to apply it. 

320. In his former experiments, Mr. Bessemer was 
running molten pig iron from a blast furnace or from 
a cupola into another cupola, at the bottom of which 
several tuyeres were giving the necessary blast. If 
the blast is shut off just at the proper time, stee! is 
produced; if the blast is allowed to act long enough 
for completely deearburizing the metal, ductile iron 
is made. The great difficulty in practice is to ascer- 
tain the proper time for stopping the blast. Gene- 
rally, the pig metal is over decarburized ; and to 
make up for the deficiency of carbon in the Steel, a 
small quantity of molten sptegeleisen' is added to the 
metal in the converter, A few minutes more of blast 
will thoroughly mix the whole mass, which is then 
ready to be cast into ingots. 

The first idea of using spiegeleisen is due to Mr, 
Kobert Mushet. This metal acts by its carbon and 

' spiegeleisen (mirror iron) is the Gtirman name of a kind of 
pig iron very rioli in carbon (5 per cent.) aul inangaaeae (4 pet 
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its manganese at the same time. From its employ- 
ment dates tlie practical turn of the Bessemer process. 
In tbia process, and in all others where the oxygea 
of the air acts alone, very pure pig metal is needed 
for the manufacture of pure steel or iron; silicon 
and carbon will be removed, but sulphur and phos- 
phorus will remain in the manufactured product if 
they were already in the raw iron, For removing 
these latter impurities several substances have been 
proposed and experimented upon ; time and practice 
will determine their value. 

Fig. u. 




S21. The cupola of the foimer expet ments has 
given place to the abo\ e appaiatus The converting 
vessel or converter, which we will debcnbe more com- 
pletely hereafter, revolves on two trnnnions. One of 
them is hollow and is connected by a coupling bos 
with the blowing machine, the blast passing through 
a curved pipe along the lower part of the converter 
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nnd terminating in a metallic box benealb tbe appa- 
ratus. The other bears a strong pinion, to which a 
revolving motion ia given by a rack at the end of 
the piston-rod of a double-acting, water- pressure 



322. The converter itself is an ellipsoidal vessel, 
made of strong wrought-iron plate. The lower and 
upper parts are bolted together. On the top ia an 
oblique mouth for receiving the charge of metal, and 
for the escape of gases, &:c. At the bottom, a metallic 
box receives the blast and divides it through the 
tuyeres, five, six, or seven in number. The trunnions 
are fixed upon a large wrought-iron belt, about mid- 
way of the apparatus. The inside lining must bo 
made very carefully ; tbe refractory clay, strongly 
beaten into it, is mixed with a certain quantity of 
quartz (gam'sler), or ground fire-brick free from 
SCO rise (chamoile or ceirienl). 

The hole of the tuyere ia also made of fire-bricks, 
■with all the joints carefully luted. When the lining 
is dry, a charcoal fire is built in it, and all cracks 
closed. Afterwards, a stronger fire is built, some 
blast is given, and the interior receives a glazing 
of common salt. 

The ashes having being removed, the apparatus is 
ready for working. The converters are made to re- 
ceive from three to five tons of molten pig iron, 
which should, however, occupy only a small place 
in it; the reaction and the boiling are so violent. 
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Fig. 15. 




that part of the metal would t 
were not plenty of room. 



1 thrown out, if there 



323. Everything being ready, the converter ia 
placed in a horizontal position, and the charge of pig 
iron, previously smelted in a cupola or reverberatory 
furnace, is run into it by means of a trough lined 
with sand. The charge is then level with the tuyerea, 
and the blast is turned on before the converter is 
made to revolve to its vertical position, which is 
done slowly. After fifteen to twenty rainntes of 
18 
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blast, the converter is swung again to a horizontal 
position, in order to receive the additional charge of 
five to ten per cent, of spiegeleisen. Having again 
been made to assume the vertical position, after five 
minutes more qf blast, the steel is completed and run 
into a large ladle supported bj a crane. From this 
ladle the ingot moulds arc filled. 

The whole operation is one of the most impres- 
sive in iron metallurgy; torrents of sparks and 
flame escape from the mouth of the converter. The 
energy of the reaction diminishes as the decarburiza- 
tioa progresses, but it is very difficult to ascertain 
exactly the proper time for emptying the converter 
of its contents. It is thought that spectral analysis 
will give the proper indication ; at present, the 
guides are a certain duration of the blast for a given 
quantity of pig metal, and the appearance of the 
flame viewed with ihe naked eye or through different 
colored glasses superposed {blue and yellow) giving 
a dark neutral tint. Through these glasses, the 
flame appears white as long as the decarburization 
is going on, and turns red when all the carbon has 
been burnt off. 

The oxidization of silicon takes place before that 
of carbon. The silica unites with oxide of iron, 
and forms a small quantity of slag. The pressure 
of the blast is about fifteen pounds to the square 
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Taylor Process. 

824. At the close of the year 18-57, Mr. Taylor 
tried to employ atmospheric air for decarburizing 
pig metal and manufacturing steel, by submitting to 
a powerful blast, molten pig iron spread over a very 
large surface. We do not think this process more 
advantageous than that of Mr, Bessemer, but rather 
inferior; however, aa it is very ingenious, we sup- 
pose its description will not be out of place here. 

325. A semi-splierical kettle made of fire-brick 
or of metal lined with fire-brick, is inclosed in an 
arched space. The kettle is fixed at the end of a 
vertical shaft, and made to revolve horizontally with 
a rapidity of motion which may be varied at will. 
Above the kettle, and in the arch, an aperture is left 
for introducing the molten metal. This metal, fall- 
ing into the rotating kettle, spreads itself against the 
sides, thus presenting a large surface to the action 
of the air. The decarburization is easy, and more 
or less rapid. 

S26. The rapidity of the refining depends on the 
velocity of the rotary motioa of the apparatus, and 
on the quantity and pressure of the blast. By 
stopping the operation at a given time, a more or 
less decarburized metal, i. e., steel, or ductile iron is 
I>roduced, The process is, therefore, an ingenious 
modification of the Bes-iemer invention. 
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327. In this modiflcatioD tlierc is an improvement, 
i. e., that by using the apparatus of Mr, Taylor, the 
manufacture of iron or steel is continuous, and, 
therefore, presents a great economy. 

The pig metal becoming more and more decar- 
burized, ascends the aidesof the kettle, by centrifugal 
force, until it reaches the top edge over which it 
flows, and is projected to some distance against 
brick walla. Thence, the molten deearburized metal 
flows into a cavity, where it is collected for filling 
the moulds. The temperature increases during the 
operation, and the metal remains fluid all the time. 
^3 new quantities of raw metal are contiuually 
added, and the blast is steady, there is a continuous 
flow of liquid metal. This is not the case with the 
Bessemer process. 

The apparatus is built in such a way that the ver- 
tical shaft and all the gearings are protected against 
the intense heat of the place ; when necessary, cold 
water is run into the space left between the double 
walls. 

Uehatius Prceesa. 

328. Mr. Franz Uehatius, captain in the Austrian 
army, manufactures steel from pig iron sufficiently 
deearburized with oxide of iron and some manga- 



329, Charcoal, pig iroi!, and powdered spathic o 
are employed. 
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530. The first operation consists in granulxding the 
pig iron, that is, reducing it to the size of shot. In 
this state, there is a greater surface to be acted upon 
by the oxygen of the ore, and the conversion is more 
rapid. The molten pig metal is made to fall into a 
tub of water^ upon a broom which a workman is 
moving as near the surface as possible. The metal 
becomes very finely granulated.* 

531. The theory of this process has been already 
explained at the beginning of this work. The excess 
of carbon in the pig iron is extracted by the oxygen 
of the ore. With the exact proportion of carbon 
the steel is hard, a little iron added to it makes it 
soft. 

SS2. The granulated pig iron is put into agraphite 
crucible with some pulverized ore. If thi.s is spathic, 
DO manganese is needed, because it holds some 
already, otherwise, manganese is added. 

' This process for granulating pig iron ia well known For a 
Imig time it has beun employed for making ■'phe al shot 1 
the year 17«3 (July £9, No. 794), Joha au 1 Charlas Wood took 
out a patent in England for this purpose. 

' The apparatus of M. do Eostaing for gra ulat ng metala 
would seem to be preferable. It consists of a u etall 1 k cot 
ered with refractory materials, and revolving with great rapidity 
!n an inclosed space. By centrifugal action, tbe molten metal 
thrown npon it is projected in a very minnte state against the 
walls of the room or cellar, and made to fall into water if de- 
sired. — Trans. 

18» 
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333. For manufacturing liard steel the propor- 
tions are : — 

Granulated pig iron , . . 1000 

Spathic ore 250 

Manganese 15 

334. An experiment made before a coramissioa of 
l^'rench engineers has given the following results: — 

Granulated pig iron . . 11.58 kilog. 

Iron ore holding manganese 2.89 " 

The operation lasted one hour and forty-five 

minutes, and the product was 12.40 kilogrammes of 

steel with a granular fracture, somewhat tibrous, and 

of a grayish color. 

The proportions for middling hard or mild steel 
are the same; but to 100 parts of pig metal 12.5 
parts of ductile iron are added. 

The trial was made with the following quanti- 
ties : — 

Pig iron 12 kilog. 

Ore 3 " 

Pieces of iron . . , . 1 " 

The operation lasted two hours and twenty-five 
minutes; and the steel weighed 14.85 kilogrammes. 
Its appearance was very much like the first sample, 
but of a lighter gray. 

Soft steel was made with the following sub- 
stances : — 
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Pig iron .... 10 Idlog. 

Ore 2.5 " 

Iron 2 " 

After two hours and eight minutes, the product 

was 12.70 kilogrammes of steel, more grained thao 

the previous one, and bloish-gray. 

335. Therefore, on an average, 13.32 Icilogranimes 
of various kinds of steel have been produced in two 
hours and six minutes, or 100 kilogrammes in fifteen 
hours and forty-six minutes. 

The expense in fuel has been, in weight, 2,30 of 
coke for one of cast steel, or 230 of coke, equivalent 
to 510 of pit coal, for 100 of steel. 

VIII. 
Damascus Steel. 
S36. Damascua sltel, forged into thin blades, ap- 
pears generally with veins and waving lines, well 
known, easily seen, and which indicate a metallic 
compound of excellent quality, very tenacious, hard, 
and difficult to break. In the Eastern countries this 
kind of Steel is mostly applied to the manufacture 
of sabres and seimetars. 

837. At Caboul Sir Alexander Eurnes saw a sci- 
metar valued at five thousand rupees ($2500), and 
two others estimated at fifteen hundred rupees each. 
The peculiar value of the former was due to the 
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great UTiiformitj of its silky veins through its whole 
length. The value would have been a great deal 
less had the texture been intersected by transverse 
or angular lines, A sword of Persian manufacture, 
the lines of which were not continuous and parallel 
to the direction of the blade, was not highly priced. 
It belonged to Nadir-Shah. Another scimetar, from 
the Khorassan, did not present an elongated and un- 
dulating texture, but was dotted with small black 
spots. All these blades would vibrate like a bell 
when struck upon. It was asserted that they would 
improve by time. 

338. For over half a century, efforts have been 
made to imitate the Damascus blades; often a very 
fine and variegated appearance has been obtained by 
piling (fagoting) and welding together steel and iron 
bars, or even different sorts of steel. All kinds of 
figures have been produced, waves, iridescent silky 
fibres, a twisted texture, mottled and dotted fibres, 
letters, inscriptions, leaves, flowers, &c., have been 
delineated with great perfection ; bat it has not 
been possible to produce a true Damascus steel, or 
blades having the same qualities as those manufac- 
tured in Persia, India, &c. Prom the ability ex- 
erted in Europe, and principally in France, in the 
efibrt to imitate the Damask steel, we may infer that 
the excellent quality of this product is not due so 
much to skill, as to the nature of the materials em- 
ployed. Recent experiments have shown that when 
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tlie blades are cooled slowly, as by moving tbem in 
the air, the damaskeened appearance results from a 
large quantity of carbon. However, this ia not so 
recent a discovery, because all the blades of Solingen, 
which are the nearest approach to Damascus steel, 
have been hardened in that way for centuries. This 
method evidently appears the best, whea it is de- 
sired to preserve all the tenacity of the steel. 

389. The damaskeened fibres will appear by wash- 
ing the polished surface of the steel with diluted 
sulphuric or muriatic acid, which dissolves the soft 
parts of the steel, or those which hold less carbon. 
The steel is afterwards washed in pure water, 
dried, and covered with a film of oil or beeswax. 
"We do not believe this is the method employed by 
the Orientals; it is more probable that, according 
to Aristotle, they bury their steel in the ground for 
a greater or less lengtb of time. 

340. Mr, Henri, of Bougival, has succeeded in 
manufacturing a damaskeened cast steel, entirely 
similar to the Eastern steel. We add here an ex- 
tract of the Bulletin de la SociilS d' Encouragement, 
which gives an idea of this curious fabrication. 

"A long series of experiments," the author says, 
" undertaken in view of elucidating the question, 
has demonstrated to me that the material of the 
Damascus steel is a cast steel, with more carbon 
than is found in our European steels, and into which, 
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by proper cooling, have crystallized two distinct 
combinations of iron and carbon. 

"This separation is tlie essential conditioa, be- 
cause, if the molten metal ia suddenly cooled, as in 
a small ingot mould, the damaskeened fibre appears 
under a magnifying glass only. 

"The law discovered by Berzelius, by which a 
combination takes place between two bodies having 
some affinity, explains satiBfactorily this character- 
istic property of Damascus steel, of showing a 
pattern on its polished surface, by the action of a 
very diluted acid. 

"If the combination of bodies having some affi- 
nity take place only in definite proportions, all that 
is in excess of the proportion is not combined, but 
only mixed. Now iron and carbon form at least 
three distinct combinations : Steel, at one end of the 
series, contains only a very small quantity of carbon 
(one hundredth); on the contrary, in plumbago, there 
is twelve to fifteen times more carbon than iron; 
white and gray pig irons are intermediate. 

"Let us suppose that in the manufacture of steel, 
the quantity of carbon is deficient; the quantity of 
steel will be in exact proportion to the quantity of 
carbon combined ; the remainder will be iron mixed 
with it: therefore, by slow cooling, the molecules 
of steel being more fusible, will have a tendency to 
unite together and be separated from the iron. This 
alloy will produce a damaskeened pattern ; but the 
pattern will be white, not very apparent, and the 
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metal cannot become very bard, on account of being 
mixed with iron. 

"If the proportion of carbon ia precisely that 
necessary for converting all the iron into steel, 
there will be but one kind of combination ; there- 
fore, no separation of distinct compounds will take 
place during cooling. This, I presume, will indicate 
the proper proportion of carbon in the manufacture 
of the kind of steel best adapted to the working of 
metals. 

"But, if the carbon is slightly in excess, all the 
iron will be converted first into steel; afterwards, 
the carbon remaining free in the crucible will com- 
bine in a new proportion with the steel already 
made. There will be two distinct compounds: pure 
steel and carburized steel or pig metal; these two 
compounds, intimately mixed at the beginning, will 
have a tendency to separate from each other by the 
molten mass standing undisturbed. Then a crystal- 
lization will take place, by which the molecules of 
the two compounds will aggregate, according to their 
affinity, and their specific gravity. 

"If a blade, made of steel, thus prepared be dipped 
into acidulated water, a showy pattern will be re- 
vealed, in which the parts of pure Steel will be black, 
and those of carburized steel will remain white, be- 
cause the acidulated water has more difficulty in 
causing the carbon of the carburized steel to appear. 

" The carbon, irregularly distributed in the metal, 
and forming two distinct combinations, is therefore 
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the cause of tho damaskeened pattern; and we can 
easily understand that the slower the cooling, the 
larger will be the damaskeened veins. On this ac- 
count, it wonld probably be better not to melt too 
large quantities at once, or to modify somewhat the 
process. As agreeing with my opinion, I would name 
Tavernier, who, in his 'Journey in Persia,' has given 
Borne indications about the size of the lumps of steel 
which, in his time, were used for making Damascus 
blades. 

"'The stee! for damaskeening comes,' says he, 
' from Golconda ; it is found in the trade, in pieces 
as big as a one penny loaf of bread. They are cut 
in two, in order to ascertain if they are of the proper 
quality, and from each half, a sabre blade is made.' 

"According to this narration it is apparent that 
the Golconda steel was in circular lumps like the 
Wootz, and that their weight was not over two or 
three kilogrammea. 

"Tavernier adds that, 'if when hardening this 
steel, the European processes were followed, it would 
break like glass.' We must infer from this that it is 
very difficult to forge, an observation already made 
by Reaumur. 

"This savant, having received from Cairo some 
samples of Indian steel, could not find anybody in 
Paris able to forge them. On that subject, he says 
that the fault is in our workmen, because the Orien- 
tals are able to work that kind of steel. 

"As carbon is the essential part, not only in the 
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formation of the pattern, but also in the intrinsic 
qualities of the steel, it is to be supposed that Messrs. 
Stodard and Faraday have been mistaken in their 
researches, the same as I have been for a long time, 
Vfhen they attribute to metallic alloys effects more 
particularly due to an excess of carbon, 

"I am very far from contesting the presence of 
metallic alloys in the Oriental sabres, although in 
the few samples I have been able to analyze, I never 
found silver, gold, palladium, nor rhodium ; neverthe- 
less it seems to mc very probable that such combina- 
tions have been attempted. Indeed the same people 
who had succeeded in hardening copper by alloys, 
must have tried similar processes with iron. 

"Following that idea, I have formed various me- 
tallic alloys, some of them giving satisfactory results. 
One of the sabre blades I have exhibited, contains 
one-half of one per cent, of platinum and a greater 
proportion of carbon than is to be found in ordinary 
steels. It ia to that excess of carbon that the pattern 
is mostly due. Some excellent razors have been 
made with the same alloy." 

841. Experiments made by smelting together pig- 
iron, carbon, and alumina, produced a highly alumi- 
nous steel which was welded and drawn with a steel 
of cementation. From this mixture a ateel was ob- 
tained very much like the Wootz, and producing 
immediately a damaskeened pattern. However, skil- 
19 
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ful metallurgiata assert that aluminum is not indis- 
pensable for the manufaetiire of Damascus steel. 

IX. 
Intermixed Metals (EtofFes). 

342. The intermixed metallic tissues are alloys of 
steel with one or several metals, producing a metal 
whose fibres present different patterns, and are 
elongated, interlaced, or zigzug.' 

343. The experiments of Messrs. Stod»rd and 
Faraday, and those of GuytonMorveaa, have de- 
monstrated tliat steel may be alloyed intimately with 
silver, gold, platinum, rhodium, nickel, and copper. 
On such authority new alloys have been tried every- 
where, to which, by the way, too great merits have 
been attributed. The French manufacturers, accord- 
ing to foreigners, are those who have spent the most 
money and lime in such experiments." 

344. An alloy which deserves great notice is that 
of silver with steel. The former of these metals, as 
is well known, has a tendency to separate from steel 
in the form of thread and drops. Therefore, when 
the alloy is heated and kept fluid for a certain length 
of time, it seems perfectly homogeneous and com- 

' Wire twist, stub twist, stub Damascus, &c., for guns, are 
metallic tissues of iron and steel. — Tmns. 
' Frederick Ovevman, Philadelpliia. 
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pact; bttl by cooling and solidifying, tiie silver seema 
to ooze through the metallic texture, and appears ia 
small separate drops. When, in forging, the heat is 
slow and moderafe, instead of drops, filaments will 
appear as slender and elongatedas those of the capil- 
lary silver in certain kinds of silver ores. 

345. Therefore, silver does not alloy chemically 
with steel and iron ; 1 part of silver and 100, 200, 
and 400 parts of steel do not produce an intimate 
union, and the silver is constantly separated in the 
form of filaments. For an intimate alloy, 500 parts 
of steel and 1 of sdver are necessary. 

This alloy has a very fine appearance; it is so 
hard that, in this respect, it ranks above the best cast 
steel, even the Wootz, It does not crack by hard- 
ening, nor by hammering, and produces, by forging, 
tools and instruments perfect in quality and excellent 
for use. 

S46. The English metallurgists prefer the rhodium 
steel, it being harder. This alloy contains 1 to 3 
per cent, of rliodium, and requires to be tempered 
at a higher temperature than is necessary with cast 
steel. Such is the tenacity of rhodium steel, that 
cutting instruments made of it will bear a tempering 
of 30° Fahrenheit above that given to the best 
Wootz. Its damaskeened patterns are very fine. An 
alloy of steel with 1.5 per cent, of rhodium has a 
specific gravity of 7.7fl5. 
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347. Steel alloyed with plalinnm is not so hard aa 
the silver steel alloy, but has a greater tenacity. 
The two metals appear to nnite in every proportion, 
and when the fusion has been complete, no separa- 
tion takes place, aa is the case with silver and steel. 
The metallic compound is perfectly homogeneous. 

348. Equal parts of steel and platinum produce 
excellent mirrors, which will polish well, and will 
not tarnish. The speciSc gravity of the alloy is 
9.862 before forging. 

With only 10 per cent, of platinum the alloy will 
not tarnish, and will receive a polish fine enough for 
mirrors. 

For cutting instruments, the alloy which appears 
the most proper, contains from 1 to 3 per cent, of 
platinum. 

The characteristic property of the alloys of steel 
■with platinum is their resisuace to oxidation. 

349. Chromium and steel give an alloy with some 
valuable properties in certain cases. It is rather 
difficult to produce their intimate union ; neverthe- 
less, with care and some precautions, this can be done. 
The process employed by Mr. Berihicr, who was the 
first to make useful experiments on ehromium steel, 
is as follows: — 

He mixed 10 parts of the natural chrome iron ore 
with 6 parts of iron scales, and 10 parts of glass free 
from metallic substances. The whole was smelted in 
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a brasqued crucible in a wind furnace. The result 
was a lump weighing 7 parts. 

This alloy was then combined with steel in the 
proportion of 1 to 1.5 per cent, of chromium. The 
chromium steel thns manufactured is excellent. It 
can be forged, and presents a fine damaskeened pat- 
tern, if, after polishing, it ia treated with diluted sul- 
phuric acid. The veins are of a bright silver color, 
very much like those of silver steel, but very pro- 
bably they are pure chroriiium. 
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PART THIRD. 

WORKING OF STEEL. 



350. Dkawing or tilting an impure and heteroge- 
neous steel, wben cast steel is not at hand; welding 
together several pieces of steel, or steel to iron by 
way of economy; or annealing a steel too harsh or 
too hard ; hardening it when too soft ; giving to it by 
fire, and after hardening, the degree of temper pro- 
per to the various duties it has to perform ; com- 
pressing its texture and at the same time giving it 
a regular and straight shape; such are the six mani- 
pulations to which steel is generally subjected. 

We will make six chapters of these manipulations 
under the titles of Refining hy Dravnng or Tilling, 
Welding, Annealir.g, Hardening, Tempering, Hammer 
Hiirdenhig. 

I. 
Refining by Drawing or Tilting. 

351. The processes for manufacturing natural steel 
are so incomplete and uncertain, that very rarely a 
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homogeneous, tenacious, and elastic steel is thus ob- 
tained. AVhere it is not possible or not required to 
perfect its homogeneousness by fusion, it must, bow- 
ever, before being delivered to the trade, be drawn 
the same as iron, in order to give more regularity 
and a more uniform composition to its texture. This 
drawing is sometimes termed refining. 

The number of heats given to steel during draw- 
ing, depends on the quality of the crude steel; the 
more homogeneous it is the less drawing it requires. 
An exposure to the fire, too often repeated, will 
burn the carbon, and it may happen that the na- 
ture of the metal will be entirely changed. 

§52. The blooms are drawn into slabs or flyt bars 
0.55 to 0.06 metre long, and 0.40 to 0.50 metre 
wide, which are plunged into cold water when red 
hot. Afterwards they are piled up, taking care to 
match them well. The practice of the workman 
makes this easy by judging the fracture of the slabs. 
The outside slabs are of one piece, but the inside 
ones may have various dimensions, and may contain 
broken pieces. 

The bundles or fagots are put into a reheating fur- 
nace, heated to the welding point, and well sprinkled 
with clay. This is done to cover them with a layer 
of slag which protects them against the decarburla- 
ing action of air. The bundle is then carried to the 
hammer or the rollers, where it is drawn into a square 
slab 0.04 to 0.045 metre thick, which is afterwards 
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cut in two, doubled, weldee?, dmwn ngain, &c. The 
same operation takes place three or four times. 

S53. The furnaces employed are similar to the re- 
heating furnaces for paddled iron. Sometimes they 
are forge fires covered with a depressed arch. In 
the former, pit coal is burned; in tlic latter, charcoal 
or very pure coke, 

354. The experience of the workman who makes 
the bundles has a great deal to do with the improve- 
ment of the steel; if he is skilful, he may remedy the 
bad quality of steel by a judicious choice of slabs, 
when, however, the bad quality does not come from 
the raw metal itself. 

Hammered or tilted steel is considered better than 
rolled. Sheer steel is a steel of cementation which 
has been pikd, welded, drawn, doubled, &c,, one or 
more times, according to its quality. 

IT. 
Welding. 

365. The relatively low temperature at which 
steel loses its carbon and becomes less valuable, is 
the great difficulty in wehling steel to iron. If the 
workman heats the former metal too much, the ope- 
ration fails, and it is customary to charge the result 
of unskijfulness to the bad quality of the steel. 
Those who succeed by practice and knowledge of 
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the materials tliey employ, pretend to possess a se- 
cret, an herb, a salt, or something else which they 
have discovered or inherited. This is the secret: — 

356. The iron must receive a glaring welding 
heat, while the steel is heated a great deal less. We 
must bear in mind, that when the two bars are 
brought into contact, their two temperatures will 
become equipoised, and if then the temperature of 
the steel is too high, it will lose its quality. The 
proper degree of temperature for steel is cherry red; 
above this it will entirely lose its tenacity, and 
crumble to pieces under the hammer. On the con- 
trary, iron is welded at a glaring white heat; and it 
may yet supporta small increase of teTiiperature before 
melting. There is a proper time for setting the piece 
of steel, which requires all the attention of the work- 

357. The respective masses of iron and steel must 
also be considered in the operation. If the volume 
of steel is small compared with that of the iron to 

' Greater rtiffiouUies are encountered nlieu tlie clieinicnl com- 
pOMtloii 1 e proportions of larbon ot steel and iron are too 
remote For instance a very hard cast "teel (iitghly oarbu- 
rised) will be liffionlt to weld with a very HOlt bbrona iron 
(gLarcul} carbnnzed) Liis3 carbnrized staels, stioh as shear 
^tecl, mild steel niitural t>teel mil weld readily witL iron But 
with very Larl or har^h =teel t cerlmi kini ot iron called 
Meely iion will be foand Uaefol bin ig a couip ton iiiter- 
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which it is to be welde;!, the former metal miglit be 
heated too much by absorbing part of the heat of 
the iron. Therefore, when a small piece of steel is 
to be welded to a large piece of iron, a careful work- 
man will heat thoroughly only the part where the 
steel is to be applied, in order that the equilibrium 
of temperature may be distributed in the whole mass, 
and not in the steel alone. If the piece of steel is 
larger than the iron, it should be heated as much as 
practicable. 

858. Formerly, and with good results, borax was 
used for welding steel to iron, this flux lowering the 
point of fusion of steel. At present, it is employed 
only when welding steel to steel. 

II r. 

Annealing. 

359. We must not confound the tempering given 
to steel after hardening, with the annealing given to 
the unhardened metal in order to make it softer 
under the file. 

360. Tempering after hardening, as will be ex- 
plained (384), diminishes the briltleneas and hard- 
ness of steel, at the same time giving it body and 
some elasticity. This result once obtained, the steel 
is to remain in the state .icquired by the tempering. 
By annealing in the forge, steel is only prepared for 



d^vGoogle 



228 TREATISE ON STEEU 

the hammer or the file, and it may, and often must 
he hardened afterwards. 

361. Annealing steel is useful; but the fire must 
not he pushed to the utmost, as is commonly done. 
It seldom happens that steel ia pure, i. e., contains 
exactly the proportion of carbon which constitutes 
the definite alloy (153, 167); generally there is an 
excess of carbon. As this excess of carbon has less 
affinity for the metal than the carbon of the definite 
alloy, it may be easily expelled at a moderate heat, 
where the oxygen of the air is the decarburizing 
agent. Eat if the temperature is too high, part of 
the carbon of the alloy ia burned out, the iron itself 
is oxidized and covered with scales, and the steel 
becomes deteriorated, loses its nature, softens too 
much, and diminishes considerably in weight. 

Some manufacturers well conversant with the 
working of steel, have adopted the following rational 
method for auQcaling:— 

362. They heat the steel to dark red, called hy 
some blood red heat, and afterwards plunge it quickly 
into charcoal dust, where it cools. Others dip it into 
water. 

Annealing in water is a hardening at a low tem- 
perature, which, as will be seen in our chapter on 
hardening, produces a steel soft, and easily filed. 

363. Annealing in charcoal dust is a sort of 
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cemeDtation which, on the contrary, will increase the 
hardness of steel, by taking off part of ita homoge- 
neousness. These defects may be corrected by 
hammering, but it is preferable to avoid tliem. 

IV. 
Hardening. 
36i. "When steel is heated, it expands, and ita 
constituent principles, iron and carbon, take a dif- 
ferent grouping from that which they had whea 
cold ; the carbon in the amorphic state has a ten- 
dency to crystallize, thus beeotning hard; and the 
electricity which is developed in iron up to a cherry- 
red heat, produces in the metal a crystallized texture 
which is favored by a previous hammer hardening. 
All parts are in a state of extreme tension, 

S65. If, after being heated to a cherry red, steel is 
allowed to cool slowly, the texture does not return 
entirely to its primitive state ; it is less crystalline, 
and would be fibrous, were it not for the presence of 
carbon. The result is a partial softening and more 
ductility, due to a less quantity of carbon on the sur- 
face, and to a tendency of the iron to have its fibres 
elongated. 

366. If, instead of allowing steel to soften by a 

alow and progressive cooling, it is plunged into a cold 

liquid, such as water, at exactly that moment when 

all the molecules are strongly extended, and in a 

20 
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sort of eonfasioQ duo to the unequal dilatation of 
their elements, all movement ceases. The molecules 
of the two elements of steel remain in the position 
they had acquired, the texture remains granular, and 
the steel becomes hard. 

367. Such is the phenomenon of hardening, many 
times explained in a more or less satisfactory way. 

268. Hardening is the operation by which steel 
is rendered hard. At least, this practical definition 
cannot be criticized, 

369. It is evident that the metal, having extended, 
previous to its immersion in cold water, and having 
retained its texture as it was before the sudden cool- 
ing, the hardened steel has lost its primitive specific 
gravity, and has therefore increased in volume. 

370. Eedhot steel dipped into tepid water, does 
not gain much hardness ; the mass is not suddenly 
cooled, and the texture is somewhat changed. Oils, 
tallow, and most fatty matters, which become hot, 
and are even vaporized by contact with the burning 
metal, produce only a feeble hardening. Generally, 
the colder the liquid, the greater is the hardening, 
because its action upon the texture of the steel is 
more rapid.' 

' Also, oertaiu metals or liquids which have a greater cotidiic- 
tibility for litat than water, will produce Lardeiiicg, bj sntitien 
absorption of the lieat of steel. Such are qnitksilver, and some 
saline or aoid sohitioiis. — Tnuis. 
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371. Therefore, we may consider as a settled fact, 
that the hardness of steel is -in proportion to the difference 
of the extreme temperatures of the healed steel, and of 
the liquid into which it has been immersed. 

372. However, this theory has some limits : hnr- 
dened at too high a temperature, that is, when the 
dilatation has separated the molecules of steel too 
much, the grains or eoiifaseil crystals thus produced 
are no longer able to retain the elasticity in the 
metal. These grains are larger than usual, rough 
and bright ; and the steel is brittle, dry, and easily 
crumbled to pieces under the hammer. 

373. A chei-ry-red heal appears generally to be the 
most proper for hardening: at such a temperature, 
cast steel and other good steels acquire the maximum 
of hardness, and present a flne granular appearance. 
With a dark red heat, hardening does not produce 
much effect, the steel remains soft; with common 
kinds of steel, the grains are irregular and inter- 
mixed with particles of iron. When the temperature 
has been raised too high, steel is injured, and loses 
a portion of its tenacity and hardness, 

S74. Notwithstanding what has been said, and the 
BO called experience of some practical metallurgists, 
pure water is the best liquid for hardening steel. 
It is a mistake to believe, with the aneients, tbat 
certain waters are more adapted to this operation 
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than others. The only differeace lies in their tem- 
perature. A workman of Caen, Mr. Diimesme, who 
has published a difl'use work on steel, has tried the 
hardeoiDg of steel in the juices of vegetables, and 
has ascertained that there is comparatively no advan- 
tage over hardening in water. Mercury has no other 
property than that of bein^ cold, and of producing 
a hardness which can be obtained with water at the 
same temperature. Tallow and oils, where carbon 
is oneof the constituent elements, produce an imper- 
fect hardening, but prevent a loss of carbon. When 
by overheating, steel baa been burned and decar- 
biirized, the oils and fatty matters are useful, because 
they give back to the steel a part of the carbon 
lost in the (ire. Some acids, such as sulphuric, are 
justly considered as imparting more hardness to steel, 
by dissolving a film of iron from the suj-face and 
exposing the carbon. As for urine, alcohol, brandy, 
and a thousand other liquids extolled by ignorant 
workmen, they are not worth as much as water 
which has the advantage of being abundant every- 
where, cheap, and adapted to all changes of tempe- 
rature. 

375. Steel should be hardened to the point cor- 
responding to its nature and its use. Indeed, it is 
possible to correct the quality, either by increasing 
the hardness by a very cold dipping liquid, or by 
producing more elasticity when tempering; but these 
corrections are left too much to the judgment of the 
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workman to be considered efficacious. For instance, 
in fine cutlery, and principally in the manufacture of 
surgical instruments, every instrument must have its 
peculiar hardness and tenacity. Very few men always 
succeed in the operation, which, generally, is left to 
chance. 

Hammers, cold chisels for iron, drills, engraving 
tools, require a strong hardening, a great hardness; 
sabres, razors, straw-cutters, &c., do. not rec|uire to 
be dipped into very cold water; table-kuives, scis- 
sors, and springs, require less hardness. 

376. We readily understand, that if the tempera- 
ture the most proper for the degree of hardness and 
tenacity of the instrument were known, it would be 
sufficient to raise the instrument to that temperature, 
. and to immerse it afterwards in water. 



377. Some workmen heat the steel, which is to be 
hardened, much above a cherry- redness, allow it to 
cool slowly in the air, and wait till it has taken a 
certain color, previous to plunging it into water. 
This is a very bad practice, because, by an excess of 
heat, there is a loss of carbon, and an alteration of 
the steel, which has then large grains, and is without 
tenacity at the edges. 

378. In order to graduate the heat, and to bring 
the instruments to various and distinct temperatures, 
D. Hartley, in 1789, thought of using a pyrometer, 
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wVien hardening, TMs process, very good, indeed, 
was (lifScult in practice. Sir Parkcs was more suc- 
cessful, by determining in advance the various points 
of fusion and of perfect licLuidity of certain metallic 
alloys. These temperatures being known, steel is 
plunged into the molten alloy, the same as into a 
forge-fire, and vvhen thoroughly heated, is dipped 
into cold water. 

379. Although this method has not been generally 
employed, for the sake of its ingenuity, we will take 
from the compositions of Sir Parkes, those which 
most nearly correspond with the various colors and 
temperatures necessary for certain instruments. 



The temperatures 


are iu degr 


cos eentigrade; — 


Lead. 


Tin. 


Temperature of fue 


7 parts. 


4 parts. 


213.40° 


T, « 


4 " 


22L11° 


8 " 


4 » 


226.60° 


85 " 


4 " 


232.22° 


10 " 


4 " 


240.90° 


14 « 


4 " 


261.90° 


19 " 


4 " 


2£i2.36° 


30 " 


4 ■• 


273.90° 


48 " 


4 » 


284,90° 


50 " 


4 " 


289.20° 


Linseed oil boils a 


t 312.40°. 




Lead melts at 319' 







' The nietallio batlis above named are certainly not forLpating 
steel previous to liardening, but for tempering steel alreatJy liard- 
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Tempering. 

380. Hardened steel is generally harsh and brittle; 
ao is chilled iron, probably for the same cause. 

eiied. For hardening, steel should be at a cherry-red heat, or 
much aT>ove tite temperature of any of these metallic hatha, 
which, besides, do not remain at the temperatare ftrat indicated, 
whetlier by oxidation or by some molecular ohangaB. This has 
been observed many times in tlie " safety metallio plugs or 
platea" attached to steam boilers. 

Pnre lead alone lias been employed for heating certain deli- 
cate pieces of steel previous to hardening ; but for that, the 
temperature of the lead batli should be raised above the melting 
point, which will be best seen in a dark room. 

Hardened steel expands, as is well known by those who case 
harden finished pieces of maohiuery which fit close. Expeil- 
ments by Captain Caron hare shown that hammered bar sl^el 
will not extend In length, but will extend iu the other directions. 
Rolled sheet steel and steel wire extend in all directions. 

We have seen that the molecules of hardened steel are in a 
state of extreme tension, often prodaoing breaks in pieces of 
largo dimension. To avoid this trouble, it has been proposed, 
and successfully tried, to compreaa or condense rapidly tlie 
lieated piece by the hammer or otherwise, before plunging it 
into cold water. 

It seems to ns that in regnlar and continuous operations, the 
i'nary forge fi e could be advantageously replaced by a gas 
Are heat ng tie p eie direotly,or inamuffle. For small objects 
and small wo ksl ops illuminating gas might be employed. 
In larger establ hme its, some gas generating furnace on the 
piinciple of S erne a gaa furnace, could be devised. In ail 
such app^r'ltuB where the flow or the production of gas may be 
regulated at n II ad when regulated, the heat is constant, 
there would be much mora certainty and facility in ascertaining 
the proper temperature for hardening and tempering. There 
would be also economy. — Trans. 
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381. The natural strueture of iron is crystalline; 
it becomes fibrous only by artificial means, but re- 
turns to its former texture under certain conditions. 
Percussion at a cold temperature, vibraLiona, sudden 
cooling, even a protracted rest, cause the action of 
magnetism to which the confused crystallization of 
the metal is due. The natural state of carbon is a 
crystalline texture; it is also essentially electro- 
negative. Doctor Ure has demonstrated that nega- 
tive electricity produces immediately a crystalline 
arrangement: hence, we may infer that carbi(3es of 
iron cannot have naturally a fibrous texture, and 
this explains how steel is always granular. 

382. Heat is also one powerful agent in changing 
the structure of iron; and if all pure metals, when 
melted, acquire a crystalline texture by cooling, 
they will become fibrous by being hammered when 
hot, and allowed to cool slowly after another healing. 

383. In hammered or tilted steel, the iron retains 
its property of becoming elongated undfer the action 
of the hammer; but this property is counteracted 
by carbon, whose tendency ia to remain crystalline. 
However, if after having rendered it crystalline by 
hardening, the metal ia reheated and allowed to cooi 
slowly, it has a tendency to become fibrous and to 
acquire body and tenacity. 

38-lr. This improvement in the tissue of steel has 
been made use of by prncticiil metallurgists, who 
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after Iiardeoing, the immediate result of whicli is 
brittleness, reheat the metal ami allow it to cool 
slowly, in order to give it body and fineness. 

This operation is termed tempering. The result 
of tempering is to remove part of the brittleness, 
and especially to graduate the hardneas of the steel 
to the degree wanted, and to give it some elasticity. 

385. If, after a strong hardening, which will be 
the type of extreme hardness, steel is heated again 
to redness, it loses all the hardness it had gained, 
becomes soft, and will be rendered hard again only 
by a new hardening. 

Between these two extremes: hardness and soft- 
ness, there are several degrees which are as many 
shades of the qualities adapted to certain uses. 

386. These degrees are made apparent by the color 
of the metal when reheated, and take place in the 
following order: — 

1. Being put upon burning fuel, the steel gradual- 
ly heated betfomes tarnished, yellow, and slraw-yeUow. 

2. The heat increasing, the color deepens, and 
reaches a gold yeWow, full yellow. 

3. Afterwards, the steel takes several shades, 
rapidly following and blending with each other; 
they are purple, pigeon's throat, copper, irovmpnrple, 

4. These shades become deeper until they become 
viohi. 

5. Afterwards, they pass rapidly to indigo blue, 
full blue, dark Hue. 
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6. Tliis color becomes weaker, arnl gives a sky 
blue more or less pure. 

7. The blue takes a greenish tint and produces 
shades which are gray and sea-green. 

8. At last, the steel reddnns^ and will no longer 
give distinct colors. 

The shades of these eight colors, which arc called 
tempering colors, are perfectly distinct, very apparent, 
and easy to recognize ; but they take place only 
after hardening and on clean steel. The metal 
which has not been hardened, will not show these 
colors so plainly; the shades are mingled, blended, 
and less in number, 

387. The colors, during the tempering, are a sure 
guide for the workman, of the degree of hardness 
or tenacity he desires to obtain. Dark blue indicates 
a great tenacity, straw-yellow produces a greater 
hardness, and is the tempering shade for razors. 
Bistouries, lancets, penknives, erasing knives, some 
scissors, and generally blades requiring body, are 
reheated to full yellow. The strong blades for table 
knives, and gardening tools, are tempered to a brown 
or purple brown. Purple is the proper color for large 
shears. Violet and dark blue are for springs; with 
a violet color, the spring will be very elastic but 
brittle, a blue shade will make it very resisting. It 
is very difficult to break a spring reheated to the 
color of water; but its elasticity is a great deal 
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The temperatures (centigrade) corresponding to 
these colors, and best adapted to the tempering of 
various instruments are seen in the following 
table: — ' 



Lancets 210'— 215' 

Otliur surgical instruments 
Razors .... 
Fenkuives, erasers . 
Bcalpels, coM chisels for ir 
Shears, slieep shears, gardening tools 
Hatohets, axes, plane irons, pocket- knives 
Table knives, large scissors 
Svords, natoli springs 
Large springs, daggers, angers 
Saws, some springs . 
Various other inBtraments requiring less 
hardening 320 



888. The hardened instruments are reheated in or 
upon a live fire, easily regulated, and without the 
help of bellows as far as practicable. An intelligent 
workman will cease blowing as soon as he perceives 
that the metal begins to change its color. 

The proper shade must come by itself without 
increasing the fire, and must be regular all over, 
before the piece is plunged into cold water. Some- 
times, this last dipping is omitted. 

The small pieces, such as penknives, erasing 
knives, &c., rest upon a wire cloth put into the middle 
of the fire ; when they have reached the proper 
color, they are cooled in water, 

' See tilso paragraphs 378; 3~'J. — ■Trims. 
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A lancet requires a special tempering: the shank 
must be blue; from there the color will be first 
purple, next brown, and at the poiot, full yellow. 
These various shades upon one blade are a necessity, 
on account of the degree of hardness and tenacity 
required by this instrument. Full yellow will pro- 
duce the proper sharpness, but would not be suitable 
to the rest of the blade, which, instead of hardness, 
must have tenacity and elasticity. 

A good workman, willing to give the greatest 
perfection to an instrument, will be very careful 
when tempering it, in order to obtain the various 
shades which are necessary. A knife, for instance, 
must be brown purple at the cutting edge, purple in 
the middle, and sea green at the back, to unite the 
hardness of the cutting edge with a certain amount 
of resistance which will prevent its breaking under 
a strain. 

This is obtained by using certain precautions, and 
above all, by not going beyond the proper degree, 
because it is very difficult to retrace the steps. If 
the fire is too strong or irregular, part of the edge 
may be purple brown, while the other is only straw- 
yellow; then, by pinching the blade between red- 
hot tongues, at the place which should be more 
heated, the temperature rises rapidly, and the instru- 
ment is brought up to the proper tempering point. 

Certain scraping and burnishing tools, and steels 
for sharpening, do not require any tempering, be- 
cause they cannot be too hard. 
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It happens, though rarely, that steel bars which 
have been hardened and left for some time in store 
rooms, will break with a noise, and will project 
to a distance, pieces of steel from the corners. 
This phenomenon does not take place with small 
pieces, such as smooth or even bastard flies, but will 
happen with large rubber files, mostly those of 
cemented steel. 

By hardening too quickly, the same effect is some- 
times produced; the workman receives a shock in 
his arm at the moment of dipping: part of the piece 
breaks off with a noise, or the steel splits along 
its length. 

VL 

Hammer Hardening^. 

389. Hammer hardenirif) or coM hammering is in- 
jurious to ductile iron, which it renders granular 
and cold short. 

890. On the contrary, hammer hardening im- 
proves the carburized metal, by increasing its 
tenacity and hardness, and by producing elasticity 
and toughness. 

391. Hammer iiardening a piece of steel should 
not be done too rapidly, otherwise the teat pro- 
duced would diminish the hardness. 
21 
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892. It often occurs that a thin piece of steel will 
become distorted or curved in the water, when hard- 
ened, and will retain that shape. The cause of this 
distortion is not well known; but, if it is noticed 
that it is the more frequent as the blacksmith is the 
less skilful, we would attribute it to an irregular 
percussion, a bad hammering, and a wrong mode of 
working in the forge. 

393, Without any doubt, a bad hammer harden- 
ing is one of the most frequent causes of distortion. 
An irregular hammering produces unequal density 
and hardness in various parts of the piece of steel. 
By subsequent heating this piece extends unequally; 
and, when it is about to be plunged into water, it is 
already disposed to become twisted and distorted. 

We shall indicate in the chapter on files, how 
twisted and distorted steel may be straightened. 
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PART FOURTH. 

PROPERTIES OF STEEL AND ITS USES. 



394. By giving liere a general knowledge of the 
properties of steel, of its qualities, and of some of its 
uses, we do not pretend to describe all the uses to 
which this metal is, or may be applied. We shall 
restrict ourselves to some facts which may guide 
the workman in choosing and discerning the good 
from bad steel, in appreciating its resistance, and in 
avoiding certain accidents. Among the uses of steel, 
we shall dwell more fully on the important manu- 
facture of flies. 

I. 
Characteristics of Steel. 

395. Steel may be distinguished from iron by 
means of dilated nitric acid. One drop of it upon 
steel will produce a stain of a dark gray color, while 
upon ductile iron the stain is greenish. 

396. The specific gravity of steel is too near that 
of iron (7.788) to be a distinct characteristic. Each 
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sort of steel lias also its peculiar specific gravity, as 
may be seen hj tlie following numbers: — 

Natural steel 7.600 

Huntsman's tilted steel . . . 7.900 
tEregrund steel .... 7.313 

Cast steel 7.800 

Wootz (raw steel) .... 7.181 
" forged .... 7.647 
" cast 7.200 

397. The coarsest kind of steel, tlie grains of wbioh 
are the most marked, has a great tendency to take a 
fine granular texture by hammering. Let us take 
a steel of cementation with coarse grains, of a silver 
gray color, breaking without being previously 
notched; if we flatten and smooth one end of the 
bar by a light hammering, and afterwards cut this 
part, we will be astonished to find it has acquired 
body, a fine granular and homogeneous texture, 
and a sky blue color or light gray. 

398. Puddled steel is perfectly crystalline; its 
grains are even finer than those of cemented steel. 
It is homogeneous in its fracture, very sonorous, and 
will take all the degrees of hardening and temper- 
ing; it possesses the same elasticity as ordinary 
steel, and may be transformed immediately into 
tools and large pieces of hardware, for which it 
seems exceedingly well adapted ; but it has not yet 
been used for fine cutlery. 
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399. Steel has sometimes aucb a near approach lo 
iron that it has a tendency to talce a fibrous texture. 
With puddled steel particularly, a bar may be bent 
when cold, and without breaking. If it ia bent in 
the opposite direction it will show a fibrous texture. 
A piece of steel plate, notched with a chisel and 
broken, has a similar appearance at the fracture; 
but if it is forged, hardened, and tempered, the natu- 
ral crystalline texture will reappear, 

400. It might be useful to be able to compare the 
hardness of various commercial steels, or that of 
hardened instruments. The hardness being the re- 
sistance of the metal to scratching, polishing, or cut 
ting by a harder substance, this measure will be the 
strain necessary for cutting and scratching it. 

401. The softest hardened steel may be scratched 
by glass, the hardest steel can be scratched only by 
the diamond. Between ttiese two extremes we may 
adopt four degrees of hardness, and ascertain them 
by certain substances, so chosen that the preceding 
one will be scratched by the following one. By 
trying to scratch with these types of hardness six 
different sorts of steel, it is easy to find out the 
proper number in the series, and to appreciate the 
comparative hardness of steel with quite a mathe- 
matical accuracy. 

21* 
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402. These are the substances proposed iti their 
order, or scale of hardness: — 

1. Glass. 

'J. Feldspar adularia (subtranslucent). 

3. Qii.irtz. 

4. Yellow topaz from BraKil, 

5. Corundum, 

6. Diamond. 

403. There are some signs which should not be 
overlooked by a workman when he chooses the bars 
of steel. The sound is one of the principal indica- 
tions; when silver-like, vibrating, and protracted, it 
shows a good quality; but when dull, hollow, and 
rapidly lost, it points to a want of homogeneousness. 
The fracture must present a fine round grain, easily 
seen, and with a lustre rather dull than shining. 
The finest steels have a while grain, difficult to be 
seen ; but they have less body, and will not endure 
many reheatings. Where the outer surface is smooth 
and well hammered, the texture is generally uni- 
form and homogeneous, although this outside indi- 
cation is not Buflicient to prove a superior quality of 
steel. 

404. It is a mistake to believe that the finest steel 
is granular only, without fibres : its confused crystal- 
lization does not prevent the tissue from having a 
certain direction, generally in the way the drawing 
has been eftected. Indeed, the cracks which tyke 



d^vGoogle 



CHARACTERISTICS OF STEEL. 247 

place in steel assume this direction. Therefore, it 
is a good precaution to consider this direction of the 
fibre when forging, not only when using steel of 
cementiition, where a fibrous direction is generally 
perceived; but also, with a cast steel the grains of 
which can aoareelj be perceived. 

405. A steel which welds easily is, with reason, 
preferred. This quality will be ascertained by heat- 
ing two pieces of the same bar and welding rapidly 
their "tapering scarfs." If, after forging, the faces 
are neat and without cracks, the steel is of good 
quality. 

Of course, we suppose that the blacksmith is skil- 
ful; otherwise, it is very easy for an awkward one 
to burn the steel, especially when it is finely granular, 
and to render it impossible to weld or harsh. When 
the metal has been properly hammered, and after it 
has been heated to the welding point, if cracks again 
appear, the steel is harsh and hard to forge. This 
defect is seen in steels which, having been doubled, 
break at the bend. 

406. Soft or mild steel, after a welding heat, may 
be forged flat without further heating. By cooling 
under the hanamer, it will not crack at the edges. 
If, after having been forged in this way, reheated to 
a dark red (blood-red heat), and plunged into water, 
it will bear cold hammering, bending in various 



d^vGoogle 



2i8 TREATISE ON STEEL. 

directions wiilioLit cracking, its quality is ]>erfect, 
and corresponds lo that of a fine mild stoi;!. 

407. CertiuD sorts of steel swell by the heat, boil 
and project sparks in the forge fire, producing at 
the .•'uiiie time a kind of hissing noise. By attempt- 
ing to forge them, they crack under the hammer, 
and are soon entirely broken, 

408. The hardness of the steel is also a quality 
which should be ascertained, with reference to its 
special use. It is possible, by hardening, to ascer- 
tain if this hardness is uniform, and, of course, if 
the whole tissue is homogeneous. 

For this purpose a bar of steel is put into the fire, 
and hammered at one end for a length of 0.15 to 
0.18 metre. This portion is afterwards divided into 
six parts by notches made with a cold chisel, and 
penetrating one-fourth of the thickness of the steel. 
The bar is again put into the fire, heated gradually, 
in order to give a saffron color at the flattened end 
and a lesser temperature to the remainder, and 
then plunged into cold water, where the steel ac- 
quires various degrees of hardness. These degrees 
may then be ascertained, either with a file, which 
will give an approximate comparison, or with the 
substances we have indicated in the paragraph 402. 

409. After the trial of hardness, the same bar 
may be used lor llic tri;d of ilie testure. This is 
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done by putting tfae bar of steel into a vice, and 
striking off witii a hammer each of the notched 
parts. These being put along side of each other in 
the order they occupied on the bar, their fracture 
may be compared. It will be noticed that the grain 
will be the finer as the broken piece has been lesa 
heated. The lower the temperature of hardening, 
the finer is the grain, 

410. The quality of the steel, as regards welding, 
hardnfess, and fineness of the grain, may be ascer- 
tained by the following process; — 

A small bar of steel, not very thick, is welded 
upon a bar of iron having the same width but half 
the thickness. This iron is afterwards cut along its 
entire length down to the steel. 

The whole is then heated and hardened. By 
keeping the welded metals on the edge of an anvil, 
the iron up, and striking with a hammer, the steel 
is broken in the direction of the cut. An exami- 
nation of the fracture will show, at a glance, the 
texture, the grain, and the quality of the steel. 

411. "We cannot afford here to ignore a phenome- 
non which, for a long time, has been considered 
either an error or a falsehood, which has tried the 
sagacity of practical metallurgists, and yet remains 
unexplained. 

412. According to Diodorus and Plutarch, the 
Celtiberians buried their steel in the ground leaving 
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it there until it was strongly oxidized. From this 
steel, tbey forget! sworda and other weapons, the 
hardening of which was so perfeut, tliat helmets and 
shields could be cut with them. 

413. The ancient cutlers of Sheffield, so celebrated 
for their products and the good quality of their in- 
struments, were also in the habit of burying in the 
mud of some stream or pool their bundles of steel, 
which remained there for several weeka. They 
afirmed that the metal, which had lost much in 
weight, had gained considerably in quality. When 
scissors manufacturers suspect that their steel is 
brittle, they bury it in their cellars ; and they assert 
that it becomes more ductile and tenacious. 

414. In the new edition of the Manuel du Miiitre 
de Forges, Paris, 1858, my father has recorded what 
happened to Mr. Weiss, a cutler of London, who 
having converted into steel the old iron of the piles 
of the city bridge, buried there for over a century, 
asserted that he had never since been able to find 
steel so fine and of such excellent quality. 

415. The trials made on the tensile strength of 
steel, that is, the resistance to tension in the direction 
of the length of the bars, give results varying greatly 
according as the raetal is hardened or not. 

A strongly hardened steel has less tenacity than 
a steel which has not been hardened; but, if the b.ii' 
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Kiiog. 
73.96 
84.92 
81.49 
76,70 
102.72 
92.45 



has been properly tempered, its tenacity is a great 
deal superior to what could be expected, and is not 
in proportion to the tensile strength of steel hard- 
ened or not. 

Square bars of steel of 0.0062 metre a side, sub- 
mitted to traction, have given the following num- 
bers, which are the breaking weights per square 
millimetres- 
Ordinary steel not hardened 
Middling " " " . . 

Very good " " " . _ 

" hardened and not tempered 

" hardened and slightly tempered 

" hardened and more teinpered 

These experiments are due to Muschenbroeck. 
Others made by Kennie with square bars of 0.00635 
metre a side, have given, always by square milli- 
metre of section: — 

Cast-steel, tilted . . . 93.79 kilog. 
Cemented steel, tilted . . 92.93 " 
¥orged steel, drawn . . 89.07 " 
Very possibly, the bars had not been hardened, 
although Rennie does not mention the fact. 

416. Tires for railroad wheels require a hard, 
compact, and uniform material. It must be hard, 
because there is greater resistance to wear; compact, 
because the wheel revolves with less friction and 
more facility; uniform in its texture, because the 
wear should be regular. 
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417. These three conditions are not fulfilled with 
iron tires: the metal is not very bard, and softens 
by heat; it is not compact and homogeneous, presents 
parts which are soft and irregularly welded, and 
therefore, the wear is not uniform. 

Iron tires worn about 0.0022 to 0,0032 metre 
must be turned again ; and on account of the 
irregularity of the wear, the tool must remove a 
thickness of metal of about O.OOCi metre (6.4 milli- 
metres). 

418. Those of puddled steel are returned to the 
lathe, only when the wear is 0.0027 metre; the chips 
taken off, are 0.0055 metre thick. 

Cast steel tires are worn so regularly, that when 
repaired, only a thickness of 0.0038 metre is re- 
moved. 

Previous to repairing, i. e., when the wear is re- 
. spectively of 0.0022, 0.0027 metre, the tire must 
have run : — 

Iron tire . . , 18,831 kilometres. 
Puddled steel tire . 40,487 

419. Considering the comparative duration of 
these different tires, the thickness they require in 
proportion to the material of which they are made, 
and the number of times they may be put upon the 
lathe, we find:^ 

420. An iron tire is 0.050 to 0.0523 metre thick, 
and may be turned five times and worn si.x times. 
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421. A puddled steel tire is 0.039 to 0.040 metre 
tbiclc, aod may be turned four times and worn six 



422. A east steel tire of 0.0283 to 0.030 metre 
tliickness, may be also returned to the latbe four 
times and worn Ave times. 

423. All things considered, we find that a tire, 
before it is put completely out of use, will have made 

Iron tire . . . 141,240 kilometres. 
Puddled steel tire . 202,435 " 

Cast steel tire . . 706,200 " 

424. The great elasticity of steel has been made 
use of for manufacturing horseshoes. 

The horny matter of the horse's foot, which is in 
immediate contact with the ground, has the property 
of contracting when the weight of the animal is upon 
it, and of expanding when the foot is raised. The 
ordinary iron shoes do not allow this elasticity, and 
the result is an incessant friction and the production 
of callosities, which very much impede, if not dis- 
able the animal. The ossification of the cartilagin- 
ous parts is the cause of great suffering, and some- 
times of premature old age. 

An English veterinary surgeon, Mr. Braey Clark, 
reflecting that of all domestic animals, the horse suf- 
fers the most from diseases of the feet, and is also 
22 
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the only one wearing a shoe without expansion, sug- 
gested, therefore, the raanufaeturing of stec! horse- 
shoes, called the steel tablet expansion shoe, and made 
of several plates of spring steel of proper thickness. 
After numerous trials and improvements, the in- 
ventor succeeded in producing horseshoes answer- 
ing the purpose very well. 

425. Englantl, notwithstanding the quantity of its 
iron mines of all sorts and qualities, and the skill of 
its iron-masters, bas not yet been able to manufac- 
ture a good blister steel with its own materials. The 
iron for its cementing works is imported from the 
North, Prussia, Sweden, and Eussia. Ao enormous 
transportation trade with the North Sea has made 
Hull the great entrepot of the iron necessary to the 
steel works of the country. Erom this port a quan- 
tity of vessels of all dimensions distribute the metal 
in great quantity at New Castie, at Birmingham, and 
in smaller proportion at London; but the great bulk 
of it goes by canal to ShefBeld, the centre of steel 
manufacture. 

426. A long use of tbe same products from certain 
iron works, and a confidence accruing from the uni- 
formity of certain products, uniformity which assists 
routine and indolence so well, have given such a 
preponderance to some works, that tliey rule the 
market and keep their iron at very high prices. 
These bars have marks peculiar to each works; but. 
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although these marks are very numerous, the most 
prized are comparatively few, and are represented 
here in the order of their celebrity and true value: — 

Fig. le. 
Xj (J^ (Hoop L), Danemora, in Sweden. 

^ 0_ (Double bullel). 
O 

> (Gridiron). 
^(JB). 

V^(Stein-Bucl<). 
r^,C.„,Urow„1 
C C,/^~j){CCND)RussiaoworksofDcmi- 

427. Sweden furnishes Europe with a large por- 
tion of tlie iron iisL'ci in steel manufucturea. 'I'ho 
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country where the iron works are situated occupies 
the centre of the kingdom, from the terminus of Nor- 
way to the Gulf of Bothnia; its limits north are 
determined by a line estendiog from Glommen to 
Soderham and crossing the Lake Siljan ; the limit 
south is the line of the 59° of latitude north. It 
comprises sixteen thousand square miles. The iron 
most esteemed for the manufacture of steel comes 
from Danemora, which mines are near Upsala, Eng- 
land importa from there 3000 tons of iron, which are 
employed at Sheffield and other mauufacturing 
towns. The yearly production of Sweden is 70,000 
tons of bar iron. 

428. The irons of Demidoff have, for a long time, 
enjoyed a great reputation in English works; but 
their importation has greatly diminished since the 
death of the owner. This celebrated manufacturer 
died, a few years ago, in a duel with a German 
nobleman. It is said that his servant, having re- 
solved to avenge his master, pursued his adversary 
and killed him soon after the murder of bis master. 

II. 
Files. 

429. Good files are made of steel, but it is readily 
understood that they have difterent qualities as they 
have different shapes. The best are those made 
from bars forged under the hammer, because the 
texture is more compact than when the metal has 
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been rolled. For flat files the bar is drawn by per- 
cussion to the proper dimension and sliape. This is 
easily done. After this drawing, the head forger 
and his helper take hold of the piece and dress \l 
completely before the blank ia separated. The 
hammer of the forger has a particular shape, like a 
truncated cone, the base of which is flat, and covers 
at each blow a large portion of the file, which ex- 
pands and is smoothed all at once. The hammer of 
the helper is large and heavy. 

430. Triangular and half round files are forged in 
a die, a kind of swage tool fixed in the anvil; or 
better yet, in rollers, the grooves of which corre- 
spond with the shape of the file. The finishing is 
done with the hand hammer, taking care to have 
the tang and the other end tapering regularly, parti- 
cularly with triangular files which terminate in a 
point. Round files are made in a similar way, and 
small flat files are cut from steel plates. 

After this forging, and while the steel is yet soft, 
it is marked with a strongly hardened stamp. 

431. The next figure represents a small circular 
forge used at St. Etienne, specially for the manufac- 
ture of files: one is enough for shops of some mag- 
nitude. Its description will give an idea of the 
numerous advantages it presents. 

Standing in the middle of the workshop, its 
diameter is about 1.50 metre, and its height 0.80 
22* 



d^vGoogle 



TREATISE ON STEEL. 



metre. The inside is splierical, and at llie bottom 
some fire-bricks are so arranged that four, six, c 




eiglit tuyere holes will receive tbe blast from a cen- 
tral and underground pipe, B. A conical mantie- 
piece of stout iron plate, lined inside with bricks, 
covers the forge fire, at a distance of 0.10 metre 
from the top edge. Strong iron bars attached to the 
girders, keep it, as well as tbe metallic flue on the 
top, suspended, 

Tbe forge receives the blast from a ventilator, 
running continually during the working hours, and 
maintaining an intense heat. 

All around the brickwork A, is an iron railing, C, 
for supporting the tongs. These are sliding tongs, 
where tbe piece of steel (blank) remains fixed during 
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tlie entire beating. Tiy resting the tongs upon the 
railing and the brickwork, all the blank is exposed 
to the Sre. 

The workman is able to watch the temperature 
without exceeding the proper degree of heat. The 
action of the air is less than in ordinary forge fires. 
There is more regularity in the manufacture, more 
economy of time, materials, fuel, and above all, a 
uniform and intense heat. 

432, The files must be annealed in the forge 
before cutting. We have given a few precepts for 
this annealing, which should not be mistaken for the 
tempering after hardening. For annealing, the 
blanks are piled up in a brick furnace having a fire 
underneath, and so built that an intense heat can 
reach all parts of the pile. The fire generally lasts 
twenty-four hours, and, during that time, it is kept 
as regular as possible. When the workman supposes 
that the blanks have softened enough, all apertures 
for air are closed, the pile is covered with hot ashes, 
and the whole allowed to cool. This method, which 
is generally employed, has the defect of not prevent- 
ing the oxidation which injures the steel. It is 
preferable to anneal the blanks in boxes or chests 
perfectly closed, which, it is true, will not be heated 
so rapidly, but will prevent all access of air. 

433. After this annealing, the blank is made clean 
and accurate by RV\ng (stripping), or grinding. Tbe 
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latter metliod is that most generally employed ; tlie 
former ia in use only in a few places in Lancashire, 
where the long practice and the incontestable skill 
of the workmen give to the products of these works 
a true superiority. This explains why a process 
evidently more slow and costly, has been continued. 

434. The grinding of the blanks possesses the 
great advantage of being rapid, and of dressing 
sufficiently, if the grindstone is thick enough. At 
St. Etienne and Sheffield the grindstones receive 
their motion from small water powers. In small 
shops, the stones are made to revolve by hand or 
foot. This latter method, which is free from danger,' 
is also more slow and costly. 

The file is presented flat or upon the side to the 
grindstone, which always turns towards the work- 
man. It is only at the last moment that the grinder 

' Wm, Durhftm li.is computBd that the velocity of an ordinary 
grindstone is one-liftli of that of a cannon -ball. TlierKfoi-e, it 
often happens that fragments whicli burst from the surface are 
projected to a distance, wounding the men. Such aooidenta are 
generally attributed to centrifngal force ; but this explanation is 
far from being satisfactory, and does not explain the explosions 
whicli sometimes take place, breaking the grindstones into many 
pieces, killing men inside and outside the works, and throwing 
dovrn parts of walls. There is something more than centrifugal 
force, which would not be over 80 metres per second, at a maxi- 
mum ; the violent explosion, the soatterinp in every dirBCtion, 
the complete breaking and pulverization of the grindstone, all 
would tend to attribute the phenomenon to a powerful force, 
clecli'ii.'ity, for instance, developed by frittion. 
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is able to give the last finish and the proper uni- 
formity. 

435. After grinding, tlie blank is cut. The work- 
man, sitting upon a low bench, has the anvil between 
his knees. The blank is put upon a block of lead, 
and is firmly secured there with a leather strap 
pressed down with the foot. The workman tlien 
presents to the blank and at a certain angle, a small 
chisel, very hard, well sharpened and dressed, upon 
which be strikes with his hammer rapidly and uni- 
formly. The chisel, in moving, makes parallel and 
equidistant grooves. By practice, be preserves the 
three conditions of depth, parallelism, and equidis- 
tance. In this way are made the single cut files em- 
ployed for bronze, brass, copper, and other soft 
metals. 

For filing iron and hard metals, another cut is 
given to the file, by striking the chisel in a direction 
diagonal and oblique to the first indentations. The 
result is the double cut and the production of a quan- 
tity of sharp teeth. 

The files for wood or rasps are not out with a wide 
chisel, and the indentations do not occupy all the 
width of the file. A triangular- pointed ehiael struck 
obliquely to the face of the file, raises a small tooth 
at every blow. Their number and their height 
correspond to the fineness of the rasp and to the 
work it will have to perform. 
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luntries many attempts have been 
made to replaee, by a regular machine, the uncer- 
tainty of manual labor. But none of these machines 
having been completely satisfactory, we will abstain 
from mentiouing them, and also of a process by 
electricity, for which we obtained a patent in 1857. 



437. After cutting, the steel of the file is too soft; 
and in order to perfect the instrument, it must be 
hardened according to the principles already ex- 
plained. 

438. The heating furnace for hardening, seen in 
the next figure, i3 very primitive in its construction, 
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and might be advantageously modified. It consists 
of a fireplace where pit coal is employed, and of 
two or three tiers of muffles. The whole height is 2 
metres. The grate bars are 0.60 metre above the 
floor, and receive the fuel by a lateral opening, in front 
of which is a platform for the coal. This platform 
being a little above the grate bars, the workman has 
only to push the fuel, when the fire requires a fresh 
supply. 

439. The first tier of muffles is 0.40 metre above 
the grate bars; the other tiers are 0.13 metre distant 
from each other. The whole apparatus (ash pit 
and foundations excepted) is not over 1.50 metre 
high, so that the workman has no difBoulty in 
watching the interior of his muffles. 

These muffles are so disposed, that the upper ones 
correspond to the empty spaces between the lower 
ones, as may be seen in the figure. The flame 
therefore, by raising, envelops every muffle alter- 
nately, to the last. The depth of the furnace is 0.80 
metre; the front wall has round apertures left in it 
for receiving the muffles and removing them easily, 
in ease of rupture. The back wall has also supports 
for them. 

The muffles are made of the same refractory clay 
used for casting crucibles, and require the same care 
in drying and annealing. Their length is 0.80 metre, 
which will vary with the dimensions of the furnace. 
Their diameters outside, and in the clear, are 0.12 
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and O.Oy metre, leaving a thickness of 0.015 metre, 
Tbey are closed up with conical plugs having a 
hole at the top, in order that by insertiog the tongs 
in it, the workman might remove and again replace 
them with great rapidity. 

440. The purpose of the muffles, in heating the 
files previous to hardening, is to protect them from 
contact with the air, thus preventing an oxidation and 
decarburizatioQ of the steel. We shall see hereafter 
that this is not the only precaution taken. Another 
advantage of this apparatus, is to allow the work- 
man not to exceed the color and the proper heat for 
hardening. He finds himself thus working under 
regular conditions; his observations and operations 
are, therefore, marked by a constant regularity. 

Back of the workman, and leaving him only 1.20 
to 1.40 metre of free space, is a large trough about 
2 metres long, 0.60 metre wide and 0.60 metre deep, 
for the immersion of the files. Back of this trough, 
and parallel to its length, is an elevated bench upon 
which the workmen sit who make the dipping; their 
feet are level with the top of the trough. The water 
used is at about 28° C, and the temperature is kept 
at this point by the heat of the files, and by the cir- 
culation of the air. Therefore, the troughs must 
be of a certain size; were they too small, the dip- 
ping of the files would elevate too much the tempe- 
rature of the water, the hardening would be irregu- 
lar, and some files would be harder than others, It 
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is precisely a constancy in the degree of hardening, 
■which makes the reputation of the manufacturer. It 
would be more rational to keep the water at a certaia 
degree of temperature by a supply of cold water, 
and the use of a thermometer ; but the custom is. to 
leave to the judgment, and sometimes to the routine 
of the workman those operations, the importance of 
which should require all the attention of the master. 

441, The files which are to be hardened are 
smeared all over with a magma of soot and salt in 
the following proportions: — 

Soot 4 parts. 

Chloride of sodium (common salt) , 1 part. 

This mixture, with a sufficiency of water, is spread 
over the files; the object being to protect them 
completely against the air already in the muffles, or 
that which might enter, each time that the work- 
man takes the plug out to watch the operation. 

In this ease, the soot acts like charcoal in the 
cementation of iron; it will return to steel the small 
quantity of carbon which may have been lost by 
an accidental oxidation. As for common' salt, we 
understand its use only as the continuation of those 
secrets we have already mentioned. It may, how- 
ever, give more firmness to the covering; and, as a 
part of it will be transformed into carbonate of soda' 

' More likely silicate of sods ; the soot containing aliraja 
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with the help of the soot and of the heat, it will bo 
useful in the scouring of the files, after hardening. 

442. The filea, well covered with this paste, are 
carefully placed in the muffles, and the plug inserted. 
As soon as a cherry-red heat has been reached, the 
workman, with his tongs, turns the files upside down, 
exposing to the hottest parts of the mufSe those 
which lei^uire most heat; and, as soon as the maxi- 
mum of cherry-red heat is obtained, each file is 
taken out separately by the head workmai], who 
plunges it, about 1 inch, into the water, and delivers 
it with the tongs to his helper. The head man then 
takes another tongs and returns to the furnace, 
while the helper continues to dip the file slowly and 
gradually into the water down to three-fourths of 
its length; at this moment the tonga is opened, and 
the file falls to the bottom of the trough. The tongs 
is then returned to the head workman, who hands 
another with a file in it. 

The important part of the hardening, is the degree 
of temperature of the file : if the muffle is at too 
dark a heat, the file will be soft ; if the heat is of 
too light a red, the steel becomes brittle, and the 
teeth break by the smallest strain ; a broken tooth 
causes the next one to break, and so on, until the 
file is shortly useless. The hardening should be 
such that the teeth will crumble partially instead 
of breaking ofL' entirely; there will always be a 
sharp angle left, which will abrade the piece to be 
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filed, and tlie file will be serviceable even, wben 
over one-third of eacb toolh has been worn off. 

443. The workman will ascertain the proper color 
of the piece much better when the light of the work- 
shop is not too brigbt, otherwise he would not be 
able to judge with certainty the degree of heat, even 
in the muffle, aod would be liable to exceed the 
proper degree. At any rate, it is indispensable that 
the light should be equal, and, on that account the 
workshop should receive the light from the north. 
All these precautions seem of little moment by 
themselves, but they are parts of the success, and 
should not be neglected, 

444. It is evident that the success in hardening 
files depends entirely upon regularity in heating, and 
an equal temperature of the water. The difference 
in hardening is due to the difference between the re- 
spective temperatures of water and of the heated 
piece. The temperature of water is easily regu- 
lated. Therefore all the attention of the workman 
ought to bear on the proper color of the metallic 
piece; a practised eye and judgment have to make 
up for mathematical precision. This explains how 
difficult it is to find good help for hardening, and 
why this kind of work demands such high prices, 

445. The furnace for hardening which we have 
represented, employs a staff of two head men and 



d^vGoogle 



268 TRBATTriE DN STEEL. 

three helpers. True.it ia, they are not constantly 
occupied there, and while the heating ia going on, 
the helpers scoar the files, 

446. The immersion of the files, one after the 
other, is done without haste, and the rapidity is in 
proportion to their temperature. By dipping too 
rapidly, the water boils by its contact with the file, 
and the hardness is less. In some cases this is enough 
to make it warp. On the other hand, all the body 
of the file must have sufficient time to cool uniformly ; 
therefore, it should not be removed too rapidly. If 
this happens, the corners of the file will be hardened 
properly, while the swell of the file will not be so. 

Generally, the steel becomes cleansed during the 
immersion ; a good color will appear when the steel 
is properly carburized and homogeneous. It may 
also present a similar shade when the difference of 
temperatures of water and steel is too considerable, 
when the immersion is too rapid, and when it has 
been forged too hot, 

447, We have shown in the chapter on hardening, 
that some pieces rather thin, after being taken out of 
the water, would warp and present in their length 
cracks, which are true breaks. This occurs fre- 
cjuently in hardening files. We have said also that 
this distortion was often due to the bad working of 
the blacksmith, and we gave as a proof that it rarely 
happens with skilful men. In regard to files, we may 
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aJd that their annealing made at too high a tempera- 
ture is another cause of their diatortioa and break- 
ing. Some men also dip the 61e obliquely into the 
water, beginning by the point. If done too quickly, 
the piece of steel meeting some resistance from the 
water, has a tendency to bow and to warp. 

448. When a file is warped, there are several ways 
of straightening it again, which are employed accord- 
ing to the shape and the resistance of the file. Some- 
times the workman profits by the remaining heat to 
strike it, gently with a wooden mallet until perfectly 
cooled. Sometimes the file is put upon a block of 
lead or of wood, the curved part above, and pressed 
down by the full weight of a man. la some cases, 
the file is squeezed in presses of various shapes, 
which, in some workshops, are on top of the reheat- 
ing furnace. 

449. The fine double cut files of French manu- 
facture are justly celebrated for the uniformity of 
their teeth and their fine cut. la this respect we 
are superior to our British friends; but they work 
their coarse-cut files so well, that they are without 
rivals in Europe. Let us add also that their mate- 
rials are superior and better chosen than ours, and 
that many of our file manufacturers are of a remark- 
able bad faith. Not only are many files made of 
ductile iron, and case-hardened afterwards, but the 

23* 



d^vGoogle 



270 TKEATISE ON STEEI,. 

bars are so imperfectly worked and drawn, that 
after a short use, furrows will appear and cause these 
files to be rejected. Wlien will these French manu- 
facturers feel that it is as ranch to their dignity as 
to their interest to produce good articles, and to 
cease the manufacture of these goods /or exportation, 
i. e., for deceiving foreigners ? Once deceived, they 
do not call again, and we complain of a decrease in 
our exportation a ! 

450. Although there is no instrument which re- 
quires in its use less dexterity than a file, it is rare 
to meet a good filer, combining what workmen call 
ifie eye and the hand. The secret' consists in laying 
the file so, that the surface of the filed piece be per- 
fectly level, without any of those irregularities left 
by an ordinary workman. Some machinists not 
only avoid making a convex surface, but also any 
concavity which might he expected from a stroke 
given in the direction of a circular segment; and 
this not only upon large pieces, but also upon small 
works which require a great nicety in their adjust- 
ment. When very large pieces are to be filed, the 
surface is heated red, and a large file called afloat or 
rubber is worked by two men the same as a crosscut 
saw. Such files are nearly one metre long, and 
have handles at both ends. 

451. The files employed by lock.smiths arc gcue- 
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rally double cut. The rough work is done with 
bastard files, the finish with smooth ones. The latter 
are worked obliquely forwards and backwards. The 
finest files often require to be oiled, although oil 
prevents somewhat their take} With rasps oil 
should be avoided. 

452. A file should be of an uniform light gray 
color, and the end lighter still. To prevent the tang 
from breaking, it is strongly tempered in a lead-bath. 

453. The trial of a file in order to ascertain if it 
possesses the same degree of hardness in its whole 
length, is made upon a piece of hard steel (not hard- 
ened), and pressed in a vice. This plate of steel is 
about 0.008 metre thick for large files, and 0.005 
metre for small ones. The oxide of the surface is 
first removed with an old file; taking then a new 
one and laying it on the edge of the steel plate, it is 
drawn backwards lightly, and with a certain twist- 
ing motion. How the file "takes" is then felt, and 
also its hardness, by the resistance encountered. The 
same operation is performed at several points on the 

' Certain essences, aiitt among them, dead oil from coal tar, 
will make old files "take" as well as new ones, but will not do 
for smoothing. Tlio best use of dead oil, notwithstanding its 
bad smell, is for taking the grease from flies, pieces of machinery, 
&e. It is employed foe this purpose oq several Frenoh railways. 
Dead oil from coal tai- is very cheap, and should be free, as muuh 
ns poBsiljIe, from iiaplitiiaHiie. — r™^(S. 
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file; and then, by giving lightly a Tull stroke as if 
the steel plate was to be filecl flat, the avidity of the 
teeth is ascertained. 

454. All files of a similar shape must give the 
same results at the trial, if their color is the same. 
A file of a gray color at the ends, and white at the 
bellied part, should be rejected, because the teeth 
■would break rapidly at the white portion, which has 
been overheated. 

455. Half-round files are generally harder on the 
convex part than on the flat. This is due to the 
difference of cutting; the spaces between the inden- 
tations, on the convex side, being less than that on 
the flat one, the cooling action of the water is more 
sudden. 

It often occurs that half-round files are of good 
quality on the flat and on four-fifths of the convex 
part, while the thickest part soon becomes bare, and 
may be filed off. This defect is due to a certain 
quantity of oxide left by the forger, which has not 
been removed by filing or grinding. 

456. The trial of bastard files requires a little 
more caution, because the indentations are finer and 
more delicate. The steel is generally of a better 
quality, has been dressed with more care, and is of 
a finer shade of color, 

Plowever, some bastard files will be found harder 
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on tlie edges than on the middle of the flut; in such 
case, the color is deeper in the centre than on the 
edges. This is due to an irregular heating. Some- 
times, the deeper color of the centre appears like a 
blackish vein ; it is iron fraudulently put in. When 
obliged to give back files weighing a certain propor- 
tion to the steel bars given to them, some workmen, 
in order to cover the loss, will make it good by adding 
to the files some of the iron employed for binding 
steel bars. 

457. Smooth files are tried in the same way upon 
the smaller of the two trial bars of steel. These 
files are apt to get injured in the trial, and it happens 
very often that when filing flat, one grain of hardened 
steel has become stuck in the trial bar, and produces 
a furrow in the whole length of the tool on trial.' 

' Before being venAy for sale, the files pass tlirongh the ordnal 
of several washings in clear water, in order to dissolve ali tlie 
salt which may remain upon tliem, a scouring with a brush and 
nolte dust, a last washing in lime-water, drying, and, lastly, 
while yet hot, an oiling with olive oil mixed with a small quan- 
tity of turpentine. 

Instead of salt and soot, a paste, for covering the files previous 
to heating, may be made of beer gronnde, salt, and damaged 
flour. Some persons add charred leather pulverised, or a small 
quantity of yellow prnasiate of potassa, which is a very active 
oarbuiizing reagent, and, therefore, should not be used with 
steels already highly carburiaed. The teeth would be too brittle. 
— Trans. 
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JIT. 
Steel Wire. 

458. Skel wire drawing is exactly the same as iron 
wiredrawing; the only difference ia in the nature 
of the materials, which, in this case, require more 
frequent annealings and a less velocity when passing 
through the draw-plates, 

459. The object of wire drawing is to reduce 
metallic bars to very small dimensions. Formerly, 
when the hammer alone was employed, the very fine 
sizes could not be obtained; however, wire fine 
enough for cards was made at a very high price. 
The rollers which took the place of the hammer, 
could only make round wire of 0.003 to 0.004 metre 
diameter, it being very difficult to have the two 
grooves to coincide perfectly. The invention of 
draw plates resolved the problem, and the remaining 
difficulty was to find out the proper means for hard- 
ening the holes, and for easily drawing the iron or 
steel rods, whose diameters exceed those of the holes 
in the draw-plate. 

460. Ia general, the draw-plates are made of hard- 
ened steel, supported against another strong plate 
of perforated iron. Their dimensions also vary with 
the calibre of the wire, and they have conical holes 
of gradually decreasing dimensions, the last being 
the linishiiig one. 
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461. These conical holes would be soon worn out 
if they were made of a soft material. To obviate 
this, a very hard steel is employed called Savage 
steel (acier sauvage), and made out of pig metftl. It 
contains an excess of carbon. That the steel by 
drawing will become harsh, is not of mach conse- 
quence, because it can always be annealed under a 
layer of clay. The holes of draw-plates are punched 
while hot, with punches of different diameters, on 
account of the conical shape of the hole. My father, 
in the Manuel du Mailre de Forges, thinks it would 
be a great deal better to drill these holes in the cold 
plate, which might thus be finished in one heat. 

462. Uardnesa, roundness of the holes, and pre- 
cision in the calibre, are the three conditiona rec^uired 
by draw-plates. 

The hardness, besides, the. economy in the long 
wear of the conical holes, gives more regularity to 
the wire, and allows a more rapid drawing. A Mr. 
Brockeds or Brockcdon had proposed to make the 
holes of diamond or other gems, and this could have 
been done, had not the price been so excessive. 
Recent trials in the manufacture of artificial gems, 
permits us to anticipate that in a few years it will be 
possible to employ them. With harder draw-plates, 
the wires will be more regular, and their fabrication 
less expensive. 

463. The wire coming from the rollers has its 
end hammered or filed to a point, in order to facili- 
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tate its passage through the hole. .It is then caught 
by a pair of nippers or dogs^ and drawn by hand or 
by mechanical power. In the latter ease the wire is 
attached to the circumference of a revolving reel, 
receiving its motion from the machinery. Another 
reel, on the other side of the draw-plate, supports 
the wire to be drawn. This disposition obviates the 
marks left by the dogs, and is altogether preferable 
in rapidity and regularity. 

The rapidity of motion of the reel is increased in 
proportion as the diameter of the wire decreases. 

464. It has been discovered that, when the wire 
has been covered with a very thin film of copper, 
such as might be produced by dipping it through a 
somewhat acid solution of a copper salt, it passes 
through the draw-plate with great facility. How- 
ever, the coating of copper does not long resist a 
succession of drawings and annealings. 

465. By passing through the draw-plate, the steel 
becomes brittle and hard. In order to give it some 
softness, it is annealed at a dark red heat. Iron 
wire must be drawn twenty-one times, and annealed 
four times; whereas steel wire moat pass through 
twenty-four holes, and be annealed each time, before 
it is reduced to the size of a knitting needle. 

466. Steel wire also requires to be drawn more 
slowly than iron; being harder, it offers more re- 
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sistanee, and if the operation were performed too 
rapidly, it would break or lose its tenacity. 

467. When annealing steel wire, it is very diffi- 
oult to prevent some oxidation by which small scales 
are formed on the surface of the wire. These scales, 
being very hard, would be destructive to the draw- 
plates; therefore, they are removed in a piclfling 
bath, or by striking the wire with a wet wooden mal- 
let. In some works, the coils of wire are plunged 
into a clay bath, dried and annealed. 

468. The annealing furnace is a kind of reverbc- 
ratory furnace, in the centre of which are cast or 
wrought iron bars, supporting the wire in the middle 
of the flame. This grate will receive about 300 
kilogrammes of wire. The annealing is always 
made on the same quantity of wires, without regard 
to their diameter, except that the larger ones are in 
the hottest part, and the whole equally heated at the 
game time. 

469. In the wire manufactory situated at Aigle, 
another apparatus is employed, and gives good re- 
aiihe. The furnace is cylindrical, 1.60 metre diame- 
ter, 2.80 metres high, and with a parabolical dome. 
The inside contains three horizontal grates; the 
middle one receives -the fuel, and the lower one is 
nsed as an ash-pit. The upper one carries a hollow 
annular cylinder made of two parts, put one within 
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the other and luted. The flame plays on the outer 
and inoer sides, and the wire, put into the annular 
space, is protected against contact with the atmos- 
phere. The larger cylinder is 1.40 metre in diameter, 
the smaller, 1 metre only. 

These cylinders may be placed in or out of the 
furoace, at will, and are carried upon iron rails. 
When one of these doable cylinders is taken out of 
the furnace, it is replaced by a new one. 

Care should be taken not to open the cylinder 
immediately, because the steel wire is red hot, and 
would become oxidized. Each cylinder receives 125 
kilogrammes of wire. 

When all is cold, the wire is straightened by being 
rolled around another reel, or by blows from a 
wooden mallet, or upon a riddle. Lastly, its calibre 
is ascertained, in order to determine its commercial 
number. 

470. In the month of March, 1858, Mr. S. Fox 
took a patent for straightening, hardening, and tem- 
pering steel wire in one operation. 

He employs two horiKOntal furnaces, 1,60 to 2.80 
metres distant from each other, at the same level, 
and in a straight line. This allows three distinct 
places: that of the first furnace for heating the wire 
directly frora the reel ; a space between the two fur- 
naces for the hardening trough; and that of the 
second furnace for tempering the metal at a low 
temperature. 
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The bed of the lirat furnace is 1.10 to 1.40 metre 
long, and has, at ita two extremities, two apertures 
for the passage of the wire. 

The second furnace is arranged similarly. The 
wire is unrolled from a reel near the first furnace, 
and wound upon another reel at the end of the second 
furnace. 

The wire passes through these apparatus, and ia 
directed in its motion by three cast iron guides, 
having a length of 1.20 to 1.50 metre, a width and 
a height of a few centimetres. 

Each of tliese guides is made of two pieces, in 
which a certain number of parallel grooves have 
been cut for the passage of the wire, and that with 
such accuracy as to have them coincide, when the 
two pieces are brought together. 

One of these guides is put into each furnace, and 
projects out of the apertures for a length of 0.10 to 
0.16 metre. 

The third guide is put between the two others, 
and a supply of cold water runs through it. 

471. The three guides are on a straight line, and 
the operation is conducted as follows: — 

The wire, leaving the first reel, enters the first 
guide and becomes heated; it is hardened in the 
second one, where cold water is running; and lastly, 
it ia tempered to the proper degree in the third 
guide, which is moderately heated. 
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472. Tills process lias the advantage of straighten- 
ing the wire in much less time than by the ordinary 
method. The usual way consists in passing the wire 
upon a board (riddle) where pins sloping in opposite 
directions are fixed. By this zigzag friction, the 
opposite bends neutralize each other, and the wire 
becomes straightened. 

473. The qualities sought for in iron wire are 
ductility, extreme flexibility, and focility of being 
bent several times, in every direction, without break- 
ing or showing flaws. The conditions for steel wire 
are different; it must be tenacious, that is, able to 
resist, without breaking, a certain tensile strain ; but 
also it must possess a certain elasticity, which is 
found principally ia hard steel. 

474. The callipers or gauges employed for measur- 
ing the diameters of metallic wires are not uniform 
in every country; each manufacturer has his own 
peculiar gauges. 

475. We have already said that the conical holes 
of the draw-plates were punched or drilled. These 
two operations leave the inner surface too rough for 
neat working. Therefore, it is proper to smooth the 
holes, by presenting both sides of the draw-plate to 
a brass cone or grinder fixed on the spindle of a 
small lathe. The abrading powder is emery, &c. 
The ridge produced should be without sharp angles, 
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and nearer the side on wliich the metal enters. The 
principie of drawing does not consist in scraping, 
but in pushing tho metal back as in a wave. 

In order to reduce the friction and to leave a 
smootli and finished surface on the wire, certain 
lubricating substances are sonaetimes employed, such 
as beer grounds, starch and water, &c. 

476. The uses of steel wire are many; but their 
principal employment is for the manufacture of 
needles, and of fluted or grooved wires. 

Grooved wires are used for several purposes, 
among them the inclosing of spectacle glasses. 
Fluted or pinion wires are drawn through a certain 
number of holes, and annealed each time ; but the 
last drawing is made through a carefully made draw- 
plate, in order that the wire may have, in its whole 
length, a certain number of ridges and furrows rep- 
resenting the cogs of a wheel, when the wire is trans- 
versely cut. The hardening is done only when the 
piece is entirely finished and fitted. 

477. Watch springs are made of steel wire, flat- 
tened between rolls or by the hammer, and finished 
upon a grindstone. They are hardened afterwards, 
and tempered blue. The labor and the numerous 
operations to which this little product has been 
submitted, enhance its value to a surprising degree : 
half a kilogramme of iron, which scarcely costs three 
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cents, produces 700,000 sprlDgs, worth over 90,000 
francs ($18,000). 

478. For a long time, Prussia has controlled the 
manufacture of steel wires fur musical instruments. 
This may be due to the antiquity of the wire drawing 
industry in Germany, the first and best improve- 
ments having been made in that country. Historians 
assert that the first wire drawing bench was made at 
Nuremberg, by Rudolf, who also invented the pliers. 

IV. 
Needles. 

479. The steel wire employed in the manufacture 
of needles must be of excellent quality, very hard 
and flexible; after being hardened it must break 
readily, without bending, between the fingers. Its 
diameter must be uniform and assorted to the si/.es 
of needles. 

480. The wire is cut with strong hand shears in 
lengths sufQcient for two needles. A certain num- 
ber of these pieces make a cylindrical package of 
about 0.10 metre in diameter, inclosed in two strong 
iron rings. After heating on a shelf, it is rubbed 
upon a block of cast iron with a tool called a smooth 
file. This tool is like a curved gridiron with only 
three bars, the iron rings or hoops of the package 
passing through the openings left between the three 
bars. By a forward and backward motion tlie steel 
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wires are struiglitened, and tlie operation is termed 
rubbing. 

481. The wires are afterwards ground at both 
ends, upon a grindstone revolving with great rapidity. 
The grinder takes one or two dozen of these pieces, 
spreads them like a fan, and rolling thera upon the 
atone with one of his fingers, protected by a thumb- 
piece of leather, points both extremities. During 
the grinding small particles of steel, and stone dust 
dy all over the shop, and enter the throat and lungs 
of the workman, producing a dangerous sickness 
called grinder's asthma. Many contrivances have 
been tried for preventing this, such as covering the 
stone with a woollen cloth, where the metallic dust 
becomes fixed ; a wet cloth upon the nostrils and the 
mouth of the grinder; a metallic mask. But the 
workman is always and everywhere the same; any 
preservative is considered by' him as a restraint, 
which he doe3 not care to use, and avoids. The best 
way is to do without his participation, and to force 
him to retain good health against his will. This may 
be effected by some magnetic sieve which will re- 
tain the metallic dust as soon as produced.' 

' Metallic dust is not tlie only dnst to be avoided ; that of 
the grindstone is equally nosious. Tlie apparatus which suems 
to reBolve more satisfactorily the problem is a box inclosing the 
greatest part of the grindstone, and communicating by a wooden 
trough witli a powerful aspirator. The grinder retains tlius full 
liberty of action for his hands, and also of breathing, and of 
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482. Afler pointing, the wire is cut in two, each 
portion being the length of a needle, put into wooden 
or iron boxes, and delivered to the head fiatlener. 

483. This workman takes a certain quantity of 
the pointed wires, spreads them like a fan (the points 
being between the thnmb and forefinger), and rest- 
ing the heads upon a small anvil of polished steel, 
flattens them by a smart tap of a hammer. In most 
needle works the operation oi piercing the eyes is en- 
trusted. to women, whose lighter hands are better 
adapted to that kind of work. The flattened head 
is put upon a small steel anvil fixed upon her bench, 
and struck on both sides with a small punch. The 
substance is only bulged out, and is entirely removed 
by punching the head again upon a block of lead. 
This operation is done by boys. 

484. We must not forget that flattening the head 
has rendered the metal very brittle, and unfit for 
piercing the eye, before the needle has been annealed 
in a pecuhar furnace. 

To be certain that nothing remains in the eye, 
another child punches it again upon a block of lead, 
and after that, upon a steel anvil. 

485. The next operations are making the groove, 
and trimming the head. The needle is fixed in slid- 
ing pincers and laid flat upon a block of wood. Then 
a small groove is filed both ways of the eye, in the 
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direction of the needle. With anotlier file the liead 
is rounded and smoothed. 

486. In some manufactories the ejes and the 
groove are made at the same time by a stamping 
machine. With this machine 10,000 needles may be 
pierced in one day, while only 1500 are pierced by 
the hand method. 

When piercing by machine, the wires of the 
length of two needles are not cut. The middle of 
the wire rests upon a raised die, while the counter- 
part is attached to the falling weight. Therefore, 
the heads are stamped, both sides at once. The 
place for the eyes has only been marked out; for re- 
moving the metal, the wire is put under a hand-press 
having two punches, which pierce the eyes at one 
stroke. 

When the eyes have been pierced, small wires are 
passed through {needles spitted on fine wires), and the 
whole appearance is that of a comb. For separating 
the heads, the pointed ends are fixed in a wooden 
hand-vice, and the burr produced by stamping is 
filefl off on both sides. A small pressure will then 
separate the two rows. 

The last trimming is made by hand and file. 

487. During the operations of flattening the head, 
making the groove, and piercing the eyes, the needles 
have almost always been curved. They are straigbt- 
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ened by rolling them upon a block of polislieil 
metal. 

488, At the end of all these manipulations, the 
needles are gathered and inspected by the foreman, 
who rejects the imperfect ones, and pays the men 
according to the weight of the good ones. 

489, The next operation is the hardening. Several 
thousands of needles are put into a cast iron tray, 
and covered with ashes, in order to prevent oxida- 
tion. The tray is then carried into a kind of 
reverberatory furnace, where it is submitted to a 
cherry-red heat. This temperature is most conve- 
nient for large needles, but the finer ones must be 
taken out before this degree is reached. When at 
the proper point, they are thrown into a tub of 
water, taking care they should not all fall at once, 
but one after the other, as much as possible. 

490, The hardened needles arc very brittle, and 
require tempering in order to retain some elasticity. 
This is done upon a plate of iron, heated nearly red 
hot by a fire underneath, The needles are placed in 
parallel lines, and constantly moved with small 
pincers or shovels, until a regular blue color has 
been imparted. They are then removed. 

During the tempering, they have warped : there- 
fore, they need straightening, which is done, one by 
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one, upon a small anvil, and by gentle taps of the 
hammer. After that, they are polished and scoured, 

491. For this operation, emery, rotten stone, soft 
soap, and oil are employed. 

A layer of the abrading materials is spread over 
several strips of canvas; on top is a thicker layer of 
needles, and so on, until five or six of such alternate 
layers have been piled np, when some oil is spread 
over the whole. The pieces of canvas are then 
rolled, in order to form a bundle which is fastened 
all around and at the ends by strong twine. Each 
buiidio holds from 40,000 to 50,000 needles. 

When a certain number of these bundles have 
been prepared, they are pat between horizontal 
rollers, made of wooden troughs loaded with weights, 
and to which a forward and backward motion is 
imparted by some machinery. It ia necessary to 
regulate their motion, in order to prevent heating, 
which would destroy the hardness of the needles. 
Generally, these rollers move ten to twelve times in 
a minute. 

The polishing lasts from one and a half to two 
days, and the needles come out covered with a blaek, 
thick, and greasy mixture, which must be scoured 



492. This last manipulation is effected in cylin- 
drical drums revolving on their axles, and partially 
filled with sawdust. The needles are thrown pell- 
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mell into it, and after a certain time, are removed, 
and winnowed in a copper basin. New polishing 
bundles are formed, rolled for eighteen hours, and 
again scoured. When the needles appear to be 
sufficiently polished, the last bundle is smeared only 
with oil, and remains five to six hours in the polish- 



493. The last scouring, in order to remove the 
oil, 13 made by forming new bundles with alternate 
layers of needles and bran, without emery. After 
remaining for a few hours under the rolling tables 
or troughs, they pass to the drum, and are winnowed. 
At last, they are wiped dry, one hy one, with a rag. 

494. During the polishing, ten per cent, of the 
needles, on an average, have lost their points, or 
have been entirely broken ; two to five per cent, have 
been bent, and must be straightened. The separation 
and the sorting of the needles according to their 
size, is the last operation of all. 

495. This manipulation, which is done by chil- 
dren, with remarkable dexterity, consists in shifting 
to one side all the heads, in separating the needles 
of different sizes, and in removing the imperfect 
ones. 

The needles are put flat upon a table, and a dozen 
of them are rolled with the forefinger of the left 
hand, while the forefinger of the right hand, covered 
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with a piece of rng, presses against tlie extremity of 
the needles. The pointed ends stick to the rag, and 
are carried to the left side. The heads are then 
shifted to the right side. Every motion of the finger 
piece carries with it half a dozen needles. 

496. The eyes of the first quality of needles are 
sometimes drilled, in order to smooth the rough 
edges. The insertion of the thread is made more 
easy, and its cutting prevented. 

497. The last operation, performed only on needles 
of the first quality, is a polishing upon a blue or hone 
stone, or buff leather. The points are sharper, and 
the polishing is perfect. 

The needles, io quantities of twenty-five, fifty, or 
one hundred, are then wrapped in a paper especially 
made for the purpose, and which does not allow any 
dampness to penetrate, The packages are stamped 
with the mark and name of the maaufacturer. 

498. Very inferior needles are made of iron, instead 
of steel wire, and cemented afterwards in crucibles or 
boxes, by a process similar to those we have described 
for cementing and case hardening. The cementation 
is watched by means of trial wires, and the operation 
is ended when the wire, plunged into water, is clean 
and breaks easily. 

499. Needles with gilt heads are made by dip- 
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ping tlie eye into a solution of chloride of gold in 
ether. The gold is precipitated immediately, and 
becomes fixed upon the steel. Sometimes the whole 
needle is jiliinged into the liquid, and will no longer 
be subject to oxidation. 



Steel Plate. 

500. Steel may be rolled into sheets of variable 
thiclioess by a series of operations similar to those 
employed in making sheet iron. At present, cast- 
steel and steel of cementation well tilted are the 
only materials used ; but there is no doubt that it 
will be possible to roll into plates natural steel, and 
steel from pig iron. The principal condition is, that 
the metal should be perfectly homogeneous, compact, 
resisting, elastic, and without flaws or cracks. In 
all these respects cast steel is preeminent. 

Rolling steel plate requires a greater mechanical 
power than a similar operation with iron, because 
steel, being unable to bear as much heat, offers more 
resistance than iron. 

501. The alternate use of hammers and rolls is 
necessary in making steel plates. The former tools 
are more particularly employed for preparing the 
steel slabs; the latter are preferable for extending 
and polishing. 
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o02. When steel of cementation is employed, it is 
drawn into flat bars in the rolling mill, or under the 
hammer. These bars are then cut into pieces, the 
same as in working iron, piled up, reheated, and 
drawn again under a heavy hammer or between 
rollers. 

503, The bundle or fagot of cemented steel is not 
drawn in one operation. A first slab is made and 
the remainder of the bundle is heated and drawn 
again, thus making the second slab. Both slabs are 
then cut out, piled up, reheated, doubled, &c. 

50i. It is important that the hammer should fall 
plumb upon the anvil, in order that the shock should 
be felt all over the surface, and not on a particular 
point. A hammer for steel plate weighs 200 to 225 
les, and its fall is 0.95 to 1 metre. 



505. Not only does steel require for its working 
jtowerful forge tools, .but it is also important that 
the shocka should be graduated according to the 
wants. Steam hammers are, therefore, exceedingly 
well adapted to the working of steel. 

506- In the manufacture of steel plates no rever- 
beratory furnaces are employed. As far as practic- 
able the metal is kept in an atmosphere of carbonic 
oxide. This is the proper way to retain the quality 
and the elasticity of steel. 
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POT, The furnaces employed for rebeating slabs, 
doubliDgs, bundles, and plates, have no stack or 
chimoej' proper. A grate takes the place of the 
bed, and an arch covers the whole. The smoke 
issues through the working door and escapes b_y a 
metallic flue, funnel-shaped. The metallic pieces rest 
upon the fuel of the grate, and are sometimes cov- 
ered over with burning cuke or charcoal. 

SOS, The slabs which have been doubled and re- 
heated are drawn in the rolling mill. 

509, The rolls are made of chilled cast iron, that 
is, of metal run into a mould of wet sand, which has 
the effect of producing a sudden cooling, or rather a 
hardening of the metal, extending as far as 0.02 to 
0.03 metre from its surface, which is therefore white 
and very hard. The frame carrying the rolls is 
itself massive, and is provided with counterweights 
which prevent the rolls from touching each other, 
in order to avoid injury when the laminated plate is 
out. In front of the rolling mill is an iron platform, 
somewhat above the space between the rolls, and- 
which supports the plates to be drawn. 

5X0. In some steel works the slabs are roughened 
in a particular mill, somewhat similar to the rough- 
ing down rolls used in iron forges. The rough edges 
of the extended metal are again cut by strong shears, 
piled up, reheated, drawn, doubled, and so on, until 
the plate has reached the proper dimensions. 
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611. A certain amount of care and prudence is 
necessary for rolling. The distance between the 
rolls must be gradually diminished by turning the 
screws after each passage of the plate. 

512. In order to prevent a deearburization of the 
steel, the slabs or plates receive a coating of clay, 
before they are reheated. 

513. But, previously to this coating of clay, the 
metal has been deprived of its oxide by blows of a 
hammer ; without this precaution, the crust of oxide 
would be impressed upon the metal. The opera- 
tions of doubling and heating should not be too 
frequent. The doubled plates have the bend pre- 
sented first to the rolls. The aim should be to give 
the proper width at the beginning, in order, after- 
wards, to draw only iu the direction of the length, 

514. The last rolling but one is to be made at a 
cherry-red heat. Immediately after the plate has 
left the rolls, it is dipped vertically into cold water. 
Another annealing and a last cold drawing finish 
the operation. 

515. The rolls for steel plates are smaller than 
those for iron. However, large steel plates are em- 
ployed at present in England; therefore, the rolls 
should be of sufflcient length and of a corresponding 
weight. Generally, a train of two pairs of rolls is 

25^ 
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employed: one for laminating tlie slabs simple or 
doubled, and making 25 to 30 revolutions in one 
minute; the other for the plates, and particularly 
the thin ones, revolves 40 times. 

A complete system of mills for steel plale requires 
machinery equal to 70 or 80 horsepower. 

516. Forever tv^oand a half centuries, steel plate 
has been employed for engraving, whether with the 
steel graver, or with aqua fortis {etching). The trials 
by Albert Diirer go back as far as 1510 : this is the 
date of one of the four plates of this celebrated 
artist, etched with aqua fortis, which are kept at the 
British museum. Since that time, numerous and 
often useless attempts have been made for improving 
this cheap process of reproduction. It is only after 
the lapse of two centuries, at the beginning of the 
nineteenth, that the process has become certain and 
practical. 

The principal advantage of stee! over copper 
plates, is that of allowing of the printing of more 
copies in the press. Steel plates last comparatively 
much longer; but we must not conclude with doctor 
Lardner,' that a plate of decarburized and soft steel, 
that is, converted into iron, will be able to furnish 
several millions of copies. It is an exaggeration of 

' A Treatise on the Progre$sive Improvement and Present Slateof 
the ManaJ'aetures in Metal, translated by Mr. A. D. Vergnaud 
nndsr the title of Manuel CompUt du Travail des M^taiix. 
Collection Ruiet, 
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this savaat whir,li wc are astonislied to see reproduced 
by his translator. 

517. According to the same doctor, the process of 
engraving upon steel would be as follows: 1. De- 
car burization of the steel ; 2. Engraving upon the 
softened plate; 3, Carburization of the steel by- 
cementation in a closed vessel. 

Is it not evident, in this ease, that it would be 
much simpler to engrave on a plate of pure iron, 
which could be cemented afterwards? 

This is not the proper place for discussing the 
cabinet metallurgy of writers who make books with 
other books, and keep up false ideas without taking 
the trouble to verify tbem. Let us say at once, that 
the engravers use plates of polished steel, as they 
come from the mills, and without any previous or 
subsequent operation. 

VI. 
Saws. 

518. Saws ftre made of cemented lilted steel, or 
better, of cast-steel. 

519. The steel is first drawn into slabs by pro- 
cesses similar to those we have described for steel 
plates, and when the slabs have been laminated to 
the proper thickness, they are clipped with lever- 
haud shears. The edges are ground true upon a 
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grindstone, and the piece is ready for the next 
operation. 

520. TVie teeth are cut out by a steel punch, acting 
vertically under the impulaion of a fly press, similar 
to those employed for stamping. At each turn, one 
or several teeth are cut out, and the aaw, which 
stands horizontally upon a steel rest, is shifted ac- 
cordingly. The distance of the teeth is regulated 
by a gauge falling into the tooth, 

521. It will readily he understood that the dimen- 
sions and the shape of the teeth vary with the work 
required of the saws. Iti some saw-mills, the form 
is that of a rectangular triangle ; pit-saws have their 
teeth cut so as to attack the wooden fibres at a sharp 
angle; hand-.saws, and, generally, all those used in 
carpenter work, have teeth of an intermediate shape. 

After punching, the teeth are finished with a file, 
and the irregularities arc ground off. 

522. After these operations, the steel is to be 
heated and hardened. This manipulation requires 
judgment and practice, because the saws do not re- 
quire strong hardening. The fullest amount of 
elasticity is to be retained; therefore, the tempera- 
ture of the heated piece should not be too high 
comparatively with that of the dipping liquid. 

623. The saw is put flat into a furnace, and there 
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heated to a certain point, taught by practice. Im- 
mediately after the proper degree has been attained, 
it is plunged into a bath ofUnseed oil, cold or slightly 
heated. Generally, two dipping troughs are at hand, 
in order to cool any which have had their tempera- 
ture raised too much. 

Every manufacturer possesses a secret for the 
composition of the hardening liquid, which he care- 
fully keeps; but the basis is oil, which, when cold, 
imparts the proper hardening to the instruments 
requiring a great elasticity ; some persons add tallow, 
rosin, and other fatty matters. 

524. The saw having been taken from the bath, 
most of the fatty matters remaining on it are wiped 
off; what remains will burn in the fire during the 
tempering. For this purpose, the saw is put upon 
a coke fire and constantly moved until the grease 
takes fire; it is the blazing off. It is then withdrawn, 
and straightened while it is hot. 

525. The straightener takes hold of the saw with 
bis left hand, and resting it upon a polished an 
strikes it in every direction with a small bamm 
The shrill noise produced is exceedingly disagreea- 
ble. By this manipulation the saw becomes ho: 
geneous and perfectly elastic. The straightenei 
must be a skilful and experienced workman, for he 
must determine where bis hammer has to fall by the 
noise of the vibrating plate. 
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526. The next operation is the planishing^ upon 
stones of a large diameter (1.50 to 2 metres diame- 
ter, and 0.25 to 0.30 metre thioknesa). The piece 
of steel is too thin and too wide to be planished with 
the hand like a knife; it is, therefore, stretched in 
aa iron or wooden frame connected with the grind- 
stone, in siicli a way as to allow the saw to be ground 
in every direction, until it is regularly planished and 
polished. The largest saws are suspended to the 
ceiling by swing rests. 

527. The planishing destroys most of the stiffness 
of the saw. It is, therefore, necessary to restore 
this quality by another hammering made as before. 
The saw becomes elastic by a new annealing, after 
which it is finally polished upon u hard stone and 
buff- 1 Gather, 
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EXTEACTS FROM THE REPORT ON THE TARIS 
UNIVERSAL EXPOSITION, 1867. 

By ABRAM 8. HEWITT, United States Commibsioner. 



BESSEMER STEEL. 

Pakib, Juiie 22, 18G7. 
To the Commhuioners of the UniUd States for the Univer- 
sal Exposition of 186T :— 

The undersigned has the honor lo submit a special re- 
port npon ■' Bessemer Sleel," prepared under liis direc- 
tion by Frpdci'ick J. Slnde, scientific assistant (o Com- 
mittee No. 6, and duly approved by tlie committee and 
ordered to be laid before the eommission. 

ABRAM S. HEWITT, 
U. S. CommhsionT oml Chairman of CommiUcc No. (i. 

The Bessemer Process. 

Thi; Piiris Exposition affords valuable information in 
reference to the capabilities of the ISessemer process for 
the prodaction of all grades of metal, from a near approach 
to wrought iron to the hardest and finest kinds of steel. 
A comparison of the specimens sent from the varions 
coantries shows that the quality of the metal produced 
depends chiefly upon the nature of the raw materials used, 
and accordingly it is only in those countries where the 
very best ores and purest coals are employed that we find 
the liner grades of steel produced. 
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It will, perhaps, be most instructive, therefore, to exa- 
mine the manner id which this process is conducted in 
each country separately, and to trace, if possible, the re- 
lation between the nature of the Bnished products and the 
materials and modes of working employed in their manu- 
facture. We begin naturally with 

ENGLAND. 

The iron almost esclnsively employed in England for 
the pneumatic process is obtained from the Cumberland 
district, and is derived from red hematite ores. Dr. 
Percy, in his well-known work on metallurgy, gives as 
the analysis of two specimens of tLese ores : — 

r, II. 

Sesqnioxiae ot iron 95.16 00.36 

Protoxide of manganese .... 0.^4 0.10 

Alutuiua 0.37 

Lime 0.07 0.71 

Magnesia ....... 0.00 

Fliosphoric acid ...... trace trace 

Salphurio aeid ti'aoe trace 

Bisulphide of iron trace OMiS 

Igailed insoluble residue .... 5.li8 8.54 

101.15 100.20 

SUict. 5.60 7.05 

Alumina O.Oli 1.06 

Beaijaioxide of iron 0.19 



Iron, total amount . . . . H« 60 63.25 

The blast furnaces in which these ores are smelted 
average about fifty feet in height and fifteen feet diameter 
of boshes, and are in most cases open-topped, the opinion 
among the iron-masters being that the quality of the iron 
is injured by any attempt to draw off the gas. At some 
furnaces, however, this notion is abrogated, and the waste 
gases are utilized for heating the blast. Among these are 
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tlie furnaces of the Bnrrow Hematite Iron and Steel 
. Company, the West Cumberland, and the Wigan Iron 
and Coal Company's furnaces. The quality of pig pro- 
dnced at these latter works does not perhaps stand in- 
variitlily as high as that of the "Whitehaven Hematite Iron 
Company (Cleator), the Workington Iron Corapnny, or 
the Harrington, bnt if there is a difference it is easily ac- 
counted for by the quality of the materials used, without 
the necessity of resort to the supposition of an injiiriona 
effect from utilizing the escaping gas. 

The fuel used at the furnaces in the Cumberland dis- 
trict is the best Newcastle coke, which is remarkalile for 
its hardness and freedom from sulphur. Dr. Percy gives 
the percentage of sulphur as 0.8, and of ash 4.45. No 
charcoal pig is made in England for the Bessemer pro- 
cess. The fluses employed are a limestone quite free 
from phosphorus, and a portion of black shale from the 
coal beds, consisting of clay and carbonaceous matter, 
without any appreciable amount of sulphur. The per- 
centage of iron indicated by the above analysis, viz., 
from 60 to TO, appears to be a fair average, and the ores 
are not calcined. As it is necessary that the iron should 
be as gray as possible, not less than thirty hundred-weight 
of coke are used per ton of iron produced, and a charge 
is about fifty hours in coming down through a furnace of 
the dimensions given above. The yield from such a fur- 
nace is 250 tons per week. 

The blast is under a pressure of three and three-fourths 
pounds, and is heated to from 650° to 750° Fahrenheit. 
From four to sis tuyeres are usually employed. No. 1 
iron for the Bessemer process from these furnaces brings 
ninety shilUngs per ton at the works, and No. 2 tei) shil- 
lings per ton less. 

The Wigan Iron and Coal Company, Lancashire, pro- 
duce an iron which is used to a considerable extent for 
the process, but does not rank as high as the Cumber- 
land irons. The coal as mined would be quite unfit for 
use in the production of such a grade of iron, as it ia 
materially contaminated with sulphur, but this is almost 
2ti 
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entirely removed hy washing the fine coal, the pyrites 
settling by their soperior weight, while the pure coal is 
carried on to receiving beds by the current of water, and 
the purified residunm ia then converted into coke, yield- 
ing a tolerably strong product. This company have just 
erected a nnmber of new furnaces much above the usiial 
size for this kind of iron, viz., eighty feet high and twenty- 
four feet diameter of boshes, and these are provided witli 
a cone and bell arrangement for taking off the gas. 

Forest of Dean iron, made from brown hematite ores, 
is frequently used in small quantities in admixture with 
other irons for the purpose of maintaining the heat of the 
charge, which it tends to do. It is apt, however, to con- 
tain too large a percentage of sulphur to work well alone. 

Another brand which is said to work well is Weardale, 
an iron made from spathic ores. It is nnusually rich in 
manganese, and owes its escellence chiefly to that fact. 

The following analyses exhibit the characteristics of 
some of ttie more usual brands of iron employed : — 





elector. 


Workington, 


W..r..l. 


For«.orD.a.. 


Carbon (graphitic!) 


4. OUT 


3.14 


3.24 


3.25 




1.752 


3.13 


1.80 


1.38 


Sulphur. . . . 




0.05 


0.04 


0.037 


PboBplioros . . 


0.049 


0.03 






Mauganeaa . . . 




0.02 


1.45 





The analysis of Weardale is taken from Percy's Metal- 
lurgy ; the others were furnished to the writer from dif- 
ferent sources in England. 

The presence of silicon in the iron causes the charge to 
work hot in the converter, and it is usual, therefore, to 
mis an iron rich in this element with others containing a 
less quantity, and which have a tendency to work cold 
and become pasty. As a rule Workington iron contains 
more silicon than any other in use for the process, and 
being moreover an c.\ccllcut iron is largely used. It is. 
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liowevor, from the very fact of its worliinp so hot, seldom 
employecl alone, as it cuts the moulds badly in pouring. 

Sulphur and phosphorus are the most injurious ele- 
ments found in the pig, because the pneumatic process is 
powerless to remove them, and the quality of the steel is 
materially affected by their presence. An effectual means 
of eliminating these substances, in the process of conver- 
sion, would be one of the most valuable discoveries of the 
times. 

It is usual among all the steel makers to mix several 
different brands of iron where a uniform and good quality 
of steel is desired, but there seems to be no definite mix- 
ture which is agreed upon as best. The principle appears 
to be to form the larger portion of the charge of the 
better brands of Cumberland hematite, and to add as 
correctives smaller percentages of other irons. The fol- 
lowing will serve as examples, the first having been given 
to the writer by Mr. F. Preston, late managing director 
of the Lancashire Steel Company, and the other being 
from the books of another largo firui ; — 



Workingtou . 

Harriuiitoii 

West Cumberland . 

"Wigan . 

Weardale 

Forest ot Dean 



45 



Cluator . 
Workington . 
Harrington (No. 1) 
Harrington (No. 2) 
Forest of I>ean 
Wigan . 



_2m 

For forgings such as asles, tires, locomotive crank 
shafts, etc., none bot No. 1 iron is commonly used, but 
for rails a greater or less amount of No. 2 is added, in 
order to reduce the cost as far as possible. 

The araonnt of this quality that may be used will of 
course depend on the character of the iron. 

The iron as a rule is melted in revcrhcratory farniioos. 
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but at five works, capolns have been SQlislitutcd niUi np- 
jiarently good results. These are: — 

The Manchester Railway Steel and Plant Co. ; 

Messrs. Chas. CammeH & Co., Penistone; 

The Bolton Iron and Steel Co. ; 

The Barrow Hematite Iron and Steel Co. ; 

The Mersey Iron and St«el Co., Liverpool. 

At the latter a cupola is also employed for melting 
the spiegeleisen. At the first-mentioned works Wood- 
ward's patent steam-jet cupola is employed, it is stated, 
with a consnroption of coke as low as one and one-foartti 
ponnd per hundred weight of iron. At the others, Ire- 
land's upper tuyere cupolas are employed. These cupolas 
melt very rapidly, and are BiifBciently capacious to hold 
an entire charge in the portion below the upper row of 
tuyeres. The size erected for a five-ton plant is seven 
feet in diameter, and will melt five tons of iron in three- 
quarters of an hour. In working, the charge is weighed 
when it is pnt into the cupola, and, as it melts, remains 
in the bottom til! the whole has been fused, when it is 
tapped off into the converter. They generally reqnire 
cleaning once in twenty-fonr hours. Of course where 
cnpolas are used, much greater care has to be esercised 
in the selection of the coke, as fuel which might be used 
in the air furnaces would destroy the quality of the iron 
if burned in contact with it. The opinion among those 
who employ the cnpolas is, that it is quite possible to 
find a coke "safEciently free from sulphur to yield a satis- 
factory result. At the Barrow works, preparations had 
been made to convey the molten metal directly from the 
blast furnaces to the converters, but after a number of 
trials it was found that the uniformity of the metal could 
not be relied on, and, in consequence, the attempt was 
abandoned, and cupolas erected instead, to remelt the pigs. 
The converters at the majority of the works have a capa- 
city adequate for a yield of five tons of steel, or allowing 
one-sixth for waste, which may be taken aa a fair average, 
for six tons of molten iron. At Barrow, however, three 
seven and a half ton vessels have been erected, besides 
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tlieir live-ton plant, and at Messrs. John Brown & Co.'s 
a pair of ten ton vessels have been in use more than three 
years. The material commonly employed for lining tho 
vessels is ganister, a highly silieious substance, found at 
Sheffield. Other materials have been tried at some works, 
as for example, at Dowlais, with apparently great soeeess. 
A pair of vessels, at the works just mentioned, had re- 
cently stood 300 blows each, without relining, and were 
still apparently in good condition. This is much above 
the average endurance of the refractory linings. The 
destruction of tuyeres is an important item in the expense 
of ihe process. The average life of these is seldom over 
five blows, and the failure of one during a blow is often 
the cause of considerable loss, either by damage to tho 
vessel or by injury to the contained charge. 

In the general arrangement of the Bessemer plant, very 
few changes have been made from that planned by Mr. 
Bessemer and contained in the drawings supplied to his 
licensees. A pair of converting vessels usually placed 
opposite to each other, but in some cases side by side, 
stand at the side of a casting pit, snnk a few feet below 
the general level of the floor. These vessels are mounted 
on trunnions, and are revolved on them by means of a 
rack and pinion operated by hydraulic pressure. The 
melting furnaces are placed in a room having a consider- 
ably higher floor level than the converting room, so that 
the melted metal may be ran by its own gravity into the 
month of the converter, when the latter is turned down 
suitably to receive it. In the centre of the pit is a ver- 
tical hydraulic piston or crane, carrying at its upper end 
a platform, at one end of which is a ladle soMciently 
large to hold the contents of the converter at the end of 
the operation. The platform is furnished with gearing, 
so that it may be easily revolved to bring the ladle over 
each ingot mould successively, the latter being arranged 
accordingly in the are of a circle near the side of the pit, 
which here has the same form. The ladle is provided 
with a noKzle and stopper in its bottom, by means of 
nliii'li the How of the steel is rcguhited. Two hydraulic 
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cranes, rotisistiiig simply of vertical pistons, carryi'its a 
long horizontal jib with a rolling carnage, to which a 
chain and hook ia attached for lifting the ingots, arc 
placed near the edge of the pit, about opposite the centre 
of the convertera, and serve also to lift off the various 
paita of the latter when reqnired for repairs. The blast 
valve and hydraulic apparatus pertaining to the converters 
are worked from a vaive stand, placed at a suitable dis- 
tance from the pit, the cranes being operated by a valve 
directly attached to them, so that the attendant boy may 
the better see what he is reqnired to do, and the whole 
of the manipulation of the vessels, ladles, and ingots, 
gives an ease of working and a perfection of control, with 
economy of labor, which should lead to the more general 
application of hydraulic power to other departments of 
inriustry in which large masses have to be dealt with. 
The water pressure used for the purpose is about 300 
pounds per square inch. The sizes of ingots most com- 
monly cast are, for rails, about 10 inches square, for 
locomotive crank shafts, ingots of a rectangular section, 
say 32 inches X 16 inches, and for other forgings accord- 
ing to the size and nature of the work, the moulds having 
a weight about eqnal to that of the ingots. At some 
works, the plan is adopted of testing a sample of each 
blow for carbon, and classifying the meta! according to 
the result of this test. By this means much greater nni- 
formity in the finished work is obtained, and in the pre- 
sent state of our knowledge of the process, this is a very 
necessary means to secure this end, and should be more 
generally adopted. The process employed was intro- 
duced from Sweden, and is exceedingly simple in its 
nature. It consists in dissolving a known weight of 
meta! in the form of drill chips, or some other finely 
divided state, in nitric acid, of the gravity 1.2. The 
solution will have a brown color, more or less deep accord- 
ing to the percentage of carbon contained in the metal. 
A standard color, corresponding to a known percentage 
of carbon, as determined by direct analysis, is Brst estab- 
lished, and the color of tUo solution to he tested is made 
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to n, f>e e\icilj Hitb tl is by the t31 tioi of a certain 
quantity of atid oi water That this which is tlie readic t 
method of produoinR agreement may be employtd the 
color of the sfiiidard sohitnn must be light The witer 
IS 8d]ed to the solution iii a graduated test tube so that 
the exact proportion of water relatively ti the origin il 
solution miy be read off wilh ease and if tor example 
an equal bulk of water requires to be added to make the 
color Ihe same as the standard the percentile of carbon 
in the specimen uniJei test most be just douHe that of 
the standard As a solution of steel in acid would in 
the course of time change its color an exact imitation of 
It IS made by dissoking burnt sugar and this is kept 
hermetically sealed for comparison To secure a hght 
standard color it is not necessary that the piece of steel 
dissolved should contain a bmall percentage of carbon 
but a larger quantity ot acid may be used m a known 
proportion, saj twice or three times the required amount, 
and the corresponding percentage of carbon will be 
equally well ascertained. This test is easily and quickly 
applied, and the variation of color being considerable, 
gives results sufficiently accurate for the purpose of a 
proper classification of the ingots according to the par- 
poses for which they are suited. 

The principal uses to which the Bessemer metal is put 
in England, are the manufacture of rails, tires, axles, 
machinery forgings, and boiler plate. The total amount 
produced may be judged from the fact that the quantity 
made per week at the works of Messrs. John Brown Si 
Co., limited, and Messrs. Chas. Cammell &, Co., limited, is 
slated to be 600 or 100 tons each. The number of estab- 
lishments at which the process is in operation is about 
fifteen, and the number of converters employed upwards 
of fifty. The chief market is for rails, and a large pro- 
portion of the orders are for American roads. lu Eng- 
land, not much ordinary line has been laid with steel 
rails, but on most roads those portions which are exposed 
to excessive wear, such as stations and inclines, are being 
rtilaid with steel. The public are already familinr witU 
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tlie vastly siiperiov endurance of steel in such situfitions, 
and iiotliing need therefore be said here on that iioint. 

MANUrACTDKE OF STEEL RAILS. 

It is usual, as already stated, to cast a lO-inch square 
ingot for rails. At most works, this is relieated in a re- 
vcrbcratory furnace and hammered down lo 7 inches 
square. At some prominent establishments, however, 
this process is dispensed with, and a 10-inch ingot is 
taken directly to the rolls and rolled down to 1 inches. 
At Crewe, Mr. Ramsbottom employs a heavy cogging 
machine for the same purpose. This is simply a form of 
reversing rolls made exceedingly large, and only perform- 
ing a part of a revolntion at each pass of the ingot. It 
is stated that the rails made from unhammered ingots 
stand equally good tests witli those which have first under- 
gone hammering 

The substitution of rolling, of course, cheapens the 
manufaetare, and reduces the amount of plant necessary, 
as well as the number of hands required. It is usual 
after the ingot has been brought from 10 inches down to 
7 inches to put it back into the heating furnace for a 
ehort time, to bring it np to a heat sufficient to carry it 
through the remainder of the process. With hammered 
ingots it is nsual to allow thera to become cold after 
hammering, and to reheat them entirely anew, since it is 
not easy to regulate the heats so as to have the hammer 
supply hot ingots to the furnaces for the rolling mill. 
This, of course, involves a further additional expense in 
the use of the hammer. In heating the ingots care has 
to be taken that the heat is not forced so as to burn the 
steel, and ample time mnst be given for it to "soak." 
Practically abont four heats are obtained in twelve houi-s, 
where with iron seven or eight could be got. When the 
ingots are rolled from the cast size, it is usual to provide 
larger furnaces and a greater number for the first heat 
than for the second, as the fewer and smaller ones will 
work off the same number of ingots, on aceount of the 
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shorter time necessary to liring them to the rofinircd heat. 

At the Dowlais works, for esiimple, tliei-e nre seven fiir- 

h li ingots each for the first heat, mid but 

f h Id g f piece for the supplementary healing. 

11 I f rolls for steel rails of the English 

(SO II p y A) or other pattern is from 22 inches to 

24 h I m t . In some cases, however, smaller 

it Crewe, and at the Mersey iron and 

t I k t th latter of which only an 18-inch train 

mpl y 1 Th se, however, are trains which were 

g llj t d d for rolling iron rails, and have heea 
1 11 d t d vice for steel, 

11 p d tl oils of the first mentioned sizes varies 
f m ty t f ly revolutions per minute; the former 

t ni h w eema preferable. The drafts on the 

II d mewhat lighter and more numerous 

tl f — y two more grooves for finishing. 

At 1 Ls reveling rolling mills have been 

tit d the necessity of lifting the ingots in re- 

t g d 1 to save time by operating on the ingot 
wb m ther direction. The nsual plan has 

b t ff t tl reversing by engaging by means of a 
1 t I g g in opposite directions. This neces- 

sarily brings a severe shock on all the machinery, espe- 
cially at high speeds, and in some cases where the arrange- 
ment has been introduced it is not nsed, the mill always 
running in one direction, and the rolling being carried 
on in the usual way Mr Earasbottom has tonsti acted 
and patented a reversing mill which he oses for lolhng 
locomotive fiame plates at Crewe which h free from thio 
objection He dnves his rolls by a pair of engines re 
aembling a set oi locomotive engines in most of their 
details and without any fly wheel These work at a 
high spec 1 and are geaied to the rolls in such a m'inner 
as to reduce the speed to the reqmied amount The 
link motion is thrown up or down in reversing by a 
hydraulic piston ea'-ily set in motion by the attend tnt 
and by the'-e meins the enj;iiies Cdn be reversed sevei iv 
times per iiiiiiult and ciitiiely without shock lliis 
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principle for reversing would appear mnch preferfiblo to 
the use of a clutch. The employment of a fly-wheel is 
iiot found necessary, as the engines, in virtue of their 
high speed, contain power sufficient to overcome any ob- 
stacles within the limits of safety to the rolls, beyond 
which it is bett«r that they should stop. Mr. Rams- 
bottom has adopted in this set of rolls a thorough appli- 
cation of hydraulic power for all the operations of manipa- 
lation, and has thereby obtained great facility of working 
and economy of labor. Instead of the reversing principle, 
a steara or hydraulic lifting gear is used at some works 
for raising the ingot to the level of the top of the upper 
roll and by many this is preferred to reversing. 

The '> mens furnace is coming extensively into use in 
st I wo k for heating ingots. At present they are in 
op at n at Crewe, Bolton, Barrow, the Mersey works, 
ad m other places. They require a certain amount 

f n their management, but yield very satisfactory 

It their working. They are expensive in first 

t I ut n districts where coal slack is abundant they 
a e e d ngly economical in respect of fuel, since they 
all w f the use of this cheap material instead of better 
and n expensive coal. But even where good coal 
m t b mployed in the gas producers, the utilization of 
all th h t produced by combustion renders the saving 
of fu I y considerable as compared with the ordinary 

e b atory furnace. For steel an excessively high 
t mp atu e, such as is required for some operations, and 
wl h al ne the Siemens regenerators are able to give, is 
not n ary, and where much steam power is required 

t n ay b {juite as economical to employ the waste heat 
f m tl furnaces for heating the boilers as to pass it 
t! u I generators for the purpose of heating the in- 

om g g ses for the furnaces themselves. In such a 
case as much and more expensive fuel might be required 
for generating steam under independent boilers as would 
be saved at the furnaces by the use of the regenerators. 
In this connection may be noticed a plan that has been 
adopted at the BoUon works with good results, viz., the 
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heating of boilers by gas drawn directly from tlie gas 
producers. This, of coarse, gives the same economy in 
respect of the use of slack as already referred to, Wliere 
sufficient steam is already obtained or is not required at 
all, the regenerative farnaces are of pndonbted adFantage, 
Mr. Webb, at Bolton, states that it is still an open ques- 
tion with him whether it is preferable to heat his boilers, 
as already mentioned, by gas, or to place them over fur- 
naces fired in the ordinary way with coal. 

The sawing, straightening, and punching of rails are 
conducted in general as in America, with the exception 
that a single saw, or a pair side by side, instead of two 
separated by the length of tlie rail, is used. The length 
of the rail is regelated by stops on the carriage, one end 
being sawed off and the rail then passed along on the 
friction -rollers in the carriage till it reaches the stop, 
when the other end is cut off. The use of a single saw, 
it is claimed, enables the cut to be made at the most snit- 
able point, as indicated by the appearance of the end, and 
also gives greater facility in varying the length of the 
rail as required for different orders. At Barrow, the 
rollers in the saw carriage are driven by friction gearing 
from the saw engine, so that the rail is passed along 
automatically ; the carriage is also drawn up to the saw 
by a number of racks and pinions at intervals along its 
length driven in a similar manner. 

At some works, severe tests are adopted for ascertain- 
ing the quality of rails, and until more accurate know- 
ledge of the nature of the Bessemer ingots is obtained 
some snch tests would appear to be very necessary. The 
usual method of procedure is to place a rail from each lot 
made from one mixing of metal, on supports three feet 
apart, and let fall upon it midway between them a weight 
of one ton from heights varying from ten to thirty feet, 
and observing the deflection produced. It is considered 
that good rails should not break under this test, though 
they may bend considerably where great height of fall is 

The use of stccl-Iieaded rails i,s a point of great import- 
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once, but one on wliicli nt present little that is conclusive 
can be said. Tljcy liave been made to a considerable ex- 
tent at the Crewe worlis of tbe London aud Northwestern 
Eailway Company for use on that line, and Mr. Webb 
(formerly of Crewe) has patents for forms and materials 
of piles for tlieir production. One of the points which 
Mr. Webb claims is interposing a layer of puddle bar 
between the steel face and the fibrous iron, for the pur- 
pose of making a more gradual transition between the 
crystalline and fibrous metals, and thereby securing a 
more perfect union in the successive layers. The same 
thing has been done for many years in the United States. 
In the Exposition, specimens of steel-headed rails of 
French manufacture are shown, which have been struck 
on the top of the head with a steam hammer, cracking 
vertically throogli both steel and iron, and buckling up 
the web without any appearance of separation between 
the steel face and the iron beneath it. Allhongh the 
specimen gives no evidence of being a selected one (the 
line of the weld being plainly marked on the esternal 
surface), yet it is clear that no such test can decide a 
question which can really only be properly solved by ex- 
perience under the conditions of regular working, A 
sudden blow may be incompetent to produce effects which 
may follow prolonged and irregular hammering under 
the wheels of railway trains. While, therefore, steel- 
headed rails cannot be pronounced an absolute success, 
there is every reason for prosecuting the experiment, and 
reasonable grounds for anticipating a perfectly successfnl 
result.' 

As the production of rails is at present the largest 
branch of the Bessemer steel manufacture, the disposition 
to be made of the crop ends becomes a question of imme- 
diate importance, and that to be made of the worn-ont 
rails one of future moment. As the metal, when it eon- 
tains any material proportion of carbon, is unreliable 

' Experiments made in the United States, after a trisl of two 
yeain, have demoiiHtrated that a perfectly sound weld of tlie 
Btectl to Iron can bo secured iu tbe head uf the rail. 
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when welded, it is not so easy to decide to wlint use tlie 
large amoQiit of ends sawed off from the rails shall be 
put. At present it mast be admitted they are rather a 
drug in the market. When an iron that works hot in Ibe 
converter is nsed, a certnin quantity of these ends may be 
remelted in the vessel without injury to the steel. About 
fonr hundred weight per charge of five tons is considered 
admissible at the Dowlais works, the scrap being first 
heated to a red heat in a furnace placed near the vessel, 
and thrown into the latter before running in the molten 
iron. It is difficult, however, to dispose of the whole 
amount in this way. As large a portion as possible ia 
sold to the Sheffield crucible steel makers, who remelt 
them, and sell them at a greatly advanced price. At 
some works, again, they are rolled into small plates, and 
in this form they may be used for the raanufaetare of 
ploagh shares and other kindred objects; or in some 
cases they may be roiled and drawn into telegraph wire ; 
it wonid be impossible, however, to make fine sizes of 
wire from them. If the diffieulty of disposing of the steel 
scrap is to continne, it forms another argument in favor 
of steel-headed rails, since these, when worn out, would 
contain but little steel and could be readily piled and re- 
rolled, the pile being so arranged as to bring the steel iu 
the least vital parts of the rail in case its presence should 
lead to any unsoundness of the welding. It would ap- 
pear, however, that an adequate market for old rails 
could be formed by rerolling them into the form of bars 
for machinery and other purposes, for which, by reason 
of their superior strength, they should be more valuable 
than wrought iron. 

MANUFACTURE OF TIRES. 

Next in importance to the manufacture of steel rails ia 
that of tires for locomotive and railway carriage wheels. 
Four years ago it was attempted to weld these up, as in 
the case of iron from straight bars, but the nnreliability 
of all tires so made was soon apparent, and the attention 
of manufacturers was directed to discovering some practi- 
27 
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cable means of producing them williout weMs. With the 
esception of the form of the ingot cast for the parpose, 
the mode of manufacture adopted nt all the Engtisli 
worlts has attained a remarkable degree of nntformity, 
Mr. Ramsbottom easis bis tire ingots in the form of a 
truncated cone, a usual size being two feet diameter at 
the bottom, six inches diameter at the top, and thirty 
inches height. This he hammers od its ends and sides 
till it assumes the shape of an ordinary fiat cheese, with 
a thickness of about twelve inches. Another heat is then 
taken on it, and it is then placed under a steam hammer 
furnished with a pointed conical tool, and by successive 
blows with this on both sides a hole is forced through the 
centre of the disk, and this again expanded as the ham- 
mering proceeds, till the upper part of the tool, which is 
fiat, comes down upon the tire and consolidates the metal 
by reducing its thickness, A third heat is then taken, 
and the ring so formed is placed over a stout beck pro- 
jecting from the inclined side of an anvil, which main- 
tains the ring in snch a position aa to give a suitable 
bevel to the outer face when strnek by the hammer, while 
at the same time its diameter is considerably increased by 
the operation. After this third hammering it is ready for 
the rolls, and a fourth and last heat is taken for that pur- 
pose. Mr. Ramsbottom holds a patent for the method 
of punching the tire blocks by a sharp-pointed conical 
tool without the removal of any of the metal. The form 
of rolling-mill employed by Mr. Ramsbottom is exceed- 
ingly complicated, and is the only one of its kind, as far 
as the writer is aware, which is in use in England, unless 
it be at the works of the patentee, Mr. Jackson, at Man- 
chester. 

At Mr, Alien's works, SheEBeid (H. Bessemer & Co.), 
the chceso-shaped blocks are produced from an ingot of 
the ordinary square form, this being cast sufficiently large 
to form a number of tires, say four, and then hammered 
round and cat up into sections, each of a weight suitable 
for one tire. The central hole is punched by flat-ended 
puiichcs about eight inches in diameter at the lower end. 
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and peihaps nine inches above, driven in from both sides 
successively, and knocking out a circular disk about two 
inches thick as scrap. The blocks used with this process 
are of less thickness, say seven inches. The hole so 
formed is slightly eiilarged by forcing the ring down 
over a tvnneated conical block which is placed on the 
anvil for the purpose, and subsequently another beat is 
taken, and the hammering continued on the inclined beck 
of au anvil, as already described. The weight of the 
block can he accurately adjusted hy varying the thickness 
at the time of punching out the central disk, by which 
means the amount of metal removed will be effected. 
Another plan adopted by Mr. Allen is to cast annular 
ingots, sometimes a number, one above the other, fed 
from one gate. These are cast with considerable depth, 
so as to allow of sufficient hammering to thoroughly con- 
solidate the metal, and the weight is regulated by the 
size of the central core employed. For rolling the tires 
from the hammered rings he employs the tire-mill, con- 
strueted by Messrs. Galloway & Sons, of Manchester, 
which is the simplest one in use, and gives results prob- 
ably not at all inferior to those of other more complicated 
forms. It is the one most generally adopted in England. 
The only other variation in the tire-making process is, 
that at some works, for the purpose of avoiding the 
se^'ere one-sided strain brought upon the hammer by the 
use of the inclined beck for bevelling the rings, the ring 
is placed on a stout mandrel supported on a bifurcated 
anvil, and the necessary bevel is gisen by a tool of the 
proper shape with which the hammer is furnished. In 
Galloway's and most other tire-rolling maehines the roll 
spindles are placed vertically and extend to a consider- 
able distance below the horizontal bed of the machine. 
The rolls themselves are situated just above the surface 
of the latter, with no bearing above them, the spindles 
being long and stiff enough to resist all the strain coming 
upon them. The tire is thus readily dropped over the 
ends of the rolls and removed when tinished. Its diiimeter 
is lietcniiined by a siinjile sliding gauge, measuring from 
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the centre of the inlerndl roll to ihe inner face of the tire 
at its greatest distance from the former. Bessemer steel 
tires by the above processes are now made in great num- 
bers and give good satisfaction in nse. There are some 
who siill prefer the crucible steel for this purpose, but 
the difference in cost is so largely in favor of the Bessemer 
metal that it is probable the former will eventually cease 
to be made. 

MANUFACTURE OF BESSEMER PIuiTES. 

The application of the Bessemer process to the produc- 
tion of plates either for boilers or for ships, girders, etc., 
is one of the most important that could be made Never 
theless the anionnt of metal nsed for this purpose n En" 
land falls much below that employed for other p r[ oses 
This is dne to a certain amount of distrust of steel plates 
doubt as to its reliability nnder varying strains of tens on 
and compression, its capobility of being punched and 
sheared without injury to ilself, and of its act on under 
the influence of heat and water, as in the fire-box of a 
boiler. In other countries, as for example Austria, as 
will he shown when we come to sjieak of the niannfacture 
as carried on in that country, this has not been the case, 
and large quantities of plates have been produced and 
successfully applied to a variety of uses. 

The secret of the distrust in regard to Bessemer plates 
in England is that in nearly all cases the percentage of 
carbon contained in the metal has been too large. The 
spiegeleisen nsed in England is not partienlavly rich in 
manganese — seldom exceeding nine per cent, of that ele- 
ment, while it generally contains from four to fonr and a 
half per cent, of carbon. It is diffieull, therefore, witli 
such materials to deoxygennte the metal snfliciently with- 
ont introducing also a considerable percentage of carbon. 
About 0.4 per cent, of the latter is 03 large an amount 
as is proper for plates which are to resist severe strains, 
and though a greater proportion adds materially to the 
tensile strength of the metal when nieasnred simply by a 
direct pull, it renders it also niucli hiudcr and more liable 
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to crack under the treatment to nlilcli it is exposed in tlie 
ordinary metliods of construction. The difficulty in the 
way of producing good soft plates for boilers or other 
uses appeared at one time to have iieen eatisfactorily over- 
come by the snbstitiition of ferro-manganeae in the place 
of the ordinary spiegeleisen. The mauufacture of this 
substance was commenced by a firm in Glasgow as a 
branch of another business in which they were engaged, 
and plates made with it as a deoxygenator gave most ex- 
cellent results. Unfortunately, however, the firm who 
had undertal;en the manufacture shortly afterward became 
insolvent, and the patentee of the process has not as yet 
re-eatttblisbed the manufacture (which requires a consider- 
able expenditure for suitable furnaces) elsewhere in Eng- 
land. Had the use of this 8ub:«tance continued for a. 
longer time, so as to make the excellence of the steel pro- 
duced with it fully appreciated by the public, there would 
have been a demand for plates urgent enough to have im- 
mediately secured the re-establishraent of the manufacture ; 
but in the present state of feeling it may not be so easy 
to ndnce the necessary pi mary o tlay espec lly at a 
certa n amount of ill feel j, b sa d to ex st between tl e 
owi ers of tl e ferro mang't ese patent and the Bes en r 
interest lie percentage of i anga ese conta ed tl e 
alloy p odu ed by tl e proce eferred to var el fro n fif 
teen to tve ty five A oti k d of fer o ua ganese 
conta ing a much larger j e ce tage a d produced i 
Germa y by a 1 fferent i rocesa Iso tt e subject of a 
patent has been oCTerel the E el si market but at 
such an exorb ta t pr ce that obody I as ventured to 
buy It. Still, notwithstandmg the absence of teiro-man- 
ganese, good soft plates are produced at some works, 
especially those at Bolton. Messrs. Ghas. Cammell & 
Co. also make a large number of plates of good quality. 
The following tests, which they guarantee all their plates 
to stand, are interesting : — 
Tensile strain per square inch — thirty-three tons : — 
Forffe test (hot). — All plates one inch thick and under 
2T' 
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to Itcnil hot niilioiit fracture to a: 

ienjriliways of the gritiii and aci'osi 

Forge test (eo/rf)._AII jilates \ 

cold without fiactnre as follows :— 



\ inch and upwards 

To Rhow the comparison of this steel with the regular 
cnicilile steel, the gnarantee for plates of tlie latter is also 
gireD. 

CRUCIBLE STEEL PLATES, 

Tensile strain ptr squai'c inch — thirty-eight tons. 

1 inch BOO 300 

J inch B(l 35 

i inch 75 5(1 

I innh 'JU 70 

^i, iuoh 13(1 10(1 

I ineli 150 110 

i^j iiicih 181 120 

i inch and opwards . . 180 VM 

Probably the spiegeleisen usecl for this purpose is 
selected with especial care, and may contain as raoeh as 
eleven per cent, of manganese withoat an increased pro- 
portion of carbon. By a proper system of testing the 
ingots, as described above, there should be and is no 
difficulty in ascertaining just what percentage of carbon 
is contained in the metal, and so Eele(^ting ingots that are 
suitable fur this purpose. With the superior franklinite 
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tliat we possess, together with the pnrcr irons, there is, 
appai-eiitly, no reason why we should not produce most 
excellent plates in large quantities, as is already done in 
Austria. 

The mannfacture of axles is carried on to a consider- 
able extent, both for loeorootives and railway carriages. 
Locomotive crank shafts ore now more freqnently tnade 
of this material than any other, and with a far greater 
exeraption from breakages. These are usually forged 
from large rectangiilar ingots, and twisted to the proper 
angle as in the case of iron. To bring these large masses 
down properly with economy requires very heavy ham- 
mers, and to meet this want Mr. liamsbottom has erected 
at Crewe a thirty-ton hammer, on his patent dnplex prin- 
ciple. In order to dispense with the costly foundations 
necessary to sustain the impact of the falling tnp in large 
hammers, Mr. Uamsbottom designed about five years 
since, a hammer in wliich the blow should be struck by 
two heavy masses mounted on wheels, and moving hori- 
zontally in opposite directions, so that their momentum 
shonld be annihilated in striking the ingot placed between 
them. In the first of these hammers, in which the weight 
of each tup was ten tons, the cylinder was placed verti- 
cally in a pit beneath the hammer and the piston, con- 
nected by inclined links to each tnp, so as to communicate 
motion to them on the rails. The ingot was supported 
on a suitable table, or between a pair of stout centres, 
which again rested on a platform capable of being rocked 
slightly to maintain the ingot always exactly in the centre 
of the motion of the tups. A number of these hammers 
are at present in use, and though they constitute the first 
development of a new idea, they do their work tolerably 
well, thongh they need a greater amount of care than an 
ordinary hammer. In the thirty-ton hammer which has 
been more recently built, the design has been somewhat 
modified, and greater simplicity obtained. In this the 
steam cylinders are horizontal, and placed directly behind 
each tnp, the piston rods being secured to the latter by an 
elastic packing, so as to relieve the piston from the shock 
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of the Uow. To control tlie motion of the two tups, so 
that the; ehail always meet at the same point, a Sve- 
threaded screw with a diameter of six inches anil a niue- 
inch pitch, or once and a lialf its diameter, is placed 
beneath them, tlie thread being cat left handed at one 
end, and right handed at the other. A nut secured to 
the boUom of each tup works on the portiou of the screw 
beneaih it, and an Ihe screw revolves in its bearings each 
tap advances by the same amount. Tliis arrangement is 
found to work with but little friction, and is not liable to 
derangement. The valve gear is made to be worked by 
hand in the ordinary way. The size of the cylinders and 
pressure of steam are so proportioned as to make the 
pressnre on each tup the same as its weight, and the blow 
strnck by this hammer is therefore the same as would be 
given by one of the tups falling by gravity throngh a dis- 
tance equal to the combined stroke of the two tups, or 
seven feet. These hammers have been constructed by 
Messrs. Thwaites & Carbutt, of Bradford, who have had 
great experience in tills line of business, having perhaps 
supplied more hammers to the steel makers than any other 
firm. With the heavy hammers just described, the large 
ingots for crank axles are brought down to the required 
size and shape in a very short time. At Crewe it is nsuul 
to put two of tliese ingots into the Siemens fnrnaces in 
the evening, and allow them to heat slowly during the 
uiglit, but one man being required to be in attendance, 
and then to work them ofl' under the hammer in the morn- 
ing before breakfast. In sawing offthe ends of his finished 
axle forgings, Jlr. Ramsbottom employs a saw seven feet 
six inches in diameter, running at about nine hundred 
revolutions per minute, or a speed on the edge of four 
miles per minute. The cheeks are also sawed out pre- 
paratory to turning the crank wrists. 

In concluding the account of the Bessemer manufacture, 
as at present conducted in England, we may observe that 
while the amount produced is far in excess of that to be 
found elsewhere, yet from the close competition between 
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the different makers tencliiig to favor the nse of the 
cheapest materials, and from the naturally rather inferior 
character of the native iron emjiloyed, the quality of the 
metal is not equal to that produced in conntries using better 
materials. Accordingly the uses to which it has been chiefly 
demoted have been rails, tires, and axles, together with a 
certain amount of plates. Notwithstanding this there 
have been produced, when proper substances have been 
employed, specimens of the metal which seemed able to 
undergo almost any test that could be devised. It Ilbs 
been spun into ornamental vessels of shapes such as would 
bring the most severe strain on the metal without ex- 
hibiting any sign of cracking, or bent into the most cru- 
cial shapes, with equal evidence of its toughness. We 
shall see on examining the product of other countries 
that such qualities in the metal are not at all exceptionnl, 
but that when steel of great hardness is not intentionally 
produced, thej always exist. 

SWEDEN. 

An examination of the specimens of Bessemer steel 
from Sweden in the Exposition shows us that the metal 
there produced is of a far superior character to that made 
in England, and naturally leads to inquiry as to the cause 
of the difference, and whether we may hope to attain the 
same success in the United States. First we observe 
coils of wire of all sizes, down to the very finest, such as 
No. 41, or even smaller. This they have not tieen able 
regularly to produce in England. In the next place we 
notice a good display of fine cutlery, and the writer is 
informed by a competent authority that this metal answers 
so well for this purpose that it is now used almost to the 
exclusion of any other. This statement is corroborated 
by the fact that in the miscellaneous classes of the Swedish 
department, where cntlery occurs not as an exhibition of 
steel, but merely as a display of workmanship by other 
parties in the same manner us other articles of merchan- 
dise, cases of razors arc cxliibited with the mark of the 
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kind of steel of which they are made stamped or efclicii 
upon them as usual, and these are all " Bessemer," but 
from fi variety of different works, viz , Hbgbo, CarlsdiU, 
Osterby & Sljderfora. The ore used in Sweden for pro- 
ducing iron for the Uesseraer process is exclasively mag- 
netic, and of a very pore quality. An analysis of a mix- 
ture of those used for the iron employed at the Fagersta 
works before roasting gives the following composition : — 

Curb, acid 8.00 

Silitiom 17.35 

Alumina 0.35 

lime 6.50 

Pmtoxide of maiiganaao .... 3.35 

Magnetic oxide 32.15 

Peroxide of iron 27.40 

100,05 
Phosphoric aoid 03 

Ail the pig made from this mixture of ores the ex- 
hibitors state will give a steet without the use of spiege- 
leisen, which is not at all red short. 

Tlie analj'sis of gray iron from the same works, used 
for the Bessemer process, is given as follows : — 

Carbon combined J. 012 

Grnphita .S.5i7 

Silioium 0,S54 



The cinder, produced at the same lime as the gray ii 
shows ou analysis a composition of — 



Piotoxide of mangai: 
Prutcixido of irou 
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The analysis of mottled pig (fonle truiUe) consisting 
of Iwo-thii'ds gray and one-tliird white, is — 



Carbon 

Graphite 

Silicium 

Manganese 

Fhospliorus 

Sulphur 



. 2.138 
. 2.733 
. 0.641 
. 2.926 
. 0.026 



Of each of these it is stated tliat the steel prodaccd 
without the employment of spiegeleisen is not at all red 
short {cassant d chaud). The most noticeable feature in 
the composition of these irons is the large percentage of 
manganese which they contain, together with the ex- 
tremely minute proportion of salphur. The latter qaalitj 
is due to the exclusive employment of charcoal i 
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three feet at the hearth, with a height of forty feet. With 
these ores prepared in this manner, such a furnace will 
yield from seventy to eighty tons per week. It is thought 
by the best informed engineers in Sweden that these fur- 
naces should be made larger, and in future they probably 
will be so; bat these dimensions represent the furnaces 
that now exist, and with which the iron in use has been 
produced. 

In the process of conversion, from motives of economy, 
a fixed form of vessel is employed, instead of one mounted 
on trunnions, as in England and elsewhere. The tuyeres, 
about nineteen in number, are placed horizontally just 
above the bottom of the vessel, and are inclined a little 
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from a, radial direction so as to give a rotary motion to 
tlie mass of molten metal. An air passage surrounds tlie 
vessel at the back of the toyeres, with a movable plate 
opposite each to allow access to them. The npper por- 
tion of tbe vessel, from the line of the top of the blast 
passage, ia made removable, for lining, etc. ; the bottom 
of the vessel ia slightly inclined towards tlie taphole, so 
that the whole of the metal and slag may run off. The 
metal ia run in at a spont in the upper portion of the 
vessel, and from the fixed poaition of tbe vessel it is of 
course necessary to have the blast on all the time that 
the metal is being run in and drawn off, to prevent its 
flowing into the tnjeres. This fact must make it more 
difficult to regulate the exact amount of decarbonizatioii 
of the inetal, and tend to render the last portion drawn 
off overdone. The removal of the cinder remaining in 
the vessel after a blow is not so easily accomplished in 
the fixed vessel as in the revolving one, as ordinarily used. 
Accompanying the analyses of ores and irons, given 
above, the Fagersta works exhibit an analysis of the slag 
from the converter, taken at the close of the process, and 
it shows the composition to be as follows : — 

Silica 44.30 

Alumina I0.8S 

Lime 0.()-5 

Magnesia ....... 0.45 

Protoxide of mangauose .... 24.55 

Protoddeot iron 19.45 

100.25 
The case of specimens exhibited by these works is the 
most interesting by far in the Exposition. It contains a 
most extensive collection of pieces of various forms, with 
which a very elaborate set of experiments has just been 
made at Mr. D. Kirkaldy's testing works at Loudon, the 
results of which will be found in Appendix C. The 
samples are classified according to the percentage of car- 
bon which tliey contain, and have been tested to show 
their action under strains of tension, compression, torsion, 
bending, and, in the case of plates, bulging. 
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The amount of carbon contained in the steel varies 
from 0.1 to 1.50 per cent., thongh most of the experi- 
ments were made between the limits of 0.3 and 1.20 per 
cent. In addition to the large collection of test pieces, 
they exhibit some railway caiTiage axles containing 0.3 
per cent, of carbon, one being bent double witli a radius 
of cnrvature at the bend of about five inches ; a locomo- 
tive axle containing 0.4 per cent., and a tire having 0.5 
per cent, of carbon. There is also, as already mentioned, 
a fine display of cutlery, razors, some beautiful hand mir- 
rors containing 1.0 per cent, a small drill containing 1.50 
per cent., with a plate beside it containing 1,00 percent., 
through which it had drilled several holes ; a number of 
long turnings taken off iu a lathe, showing remarkably 
the absolute continuity of tlio grain — one of 0.3 per cent, 
of carbon measnres 36 feet in length, and is closely coiled 
with « diameter of about jj inch; another of 0.9 per 
cent is 21 feet long and slightly less in diameter. There 
are also a large number of flies, and, as previously men- 
tioned, coils of wire of all sizes, and apparently any re- 
quired length. A very interesting table of results was 
obtained froin a series of eleven small square bars con- 
taining varying percentages of carbon, as follows : — 
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The cost of steel for the more delicate uses, such as 
razors, etc., is very much less by the Bessemer process 
than by the old method of remelting in the crucible. The 
materials in ordinary use are ssfliciently pare to give such 
a steel, and the only special precaution which has to be 
observed iu producing these qualities is to add a sufficient 
amount of recarbonizing pig to give the required per 
cent, of carbon, and then in the process of tilting the 
bars to carefully reject any piece which may show sign of 
flaw, as would of course be necessary under any dream- 
stances. The total production of Bessemer steel in 
Sweden in 1864 was 3178 toes; that of crucible steel ex- 
ceeded 4500 tons. 

ATIHTRIA 

The conditions under which Bessemer metal is pro- 
duced in Austria are in many resj^ects similar to those 
existing in Sweden. The iron employed is smelted with 
charcoal, is nearly free from sulphur and phosphorus, and 
contains a large percentage of manganese. There are 
difierences in the manner of conducting the process, but 
these important conditions insure the production of a 
metal of similar excellence to the Swedish, and, like this, 
much superior to the ordinary metal produced in Eng- 
land. 

The principal worlis in Austria are at Neiiberg, in the 
province of Styria, and are carried on by the government. 
The iron is obtained from spathic ores smelted in two 
furnaces 43 feet high, and yielding from 100 to 150 tons 
per week. The irou produced is found by analysis to 
contain 3.46 per cent of manganese, and, as in Sweden, 
it is used for recarbonizing in the place of the usual 
spiegeleisen. Originally a fixed vessel was erected as 
these worlis similar to those used in Sweden, but this has 
been superseded by a pair of three-ton vessels of the ordi- 
nary construction. Tixed or Swedish vessels are, how- 
ever, still in use at other Austrian works. The metal it 
run directly from the blast furnaces into the converters. 
Very interesting tables are exhibited by those works, 
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giving ftnnlysea of the iron and slag at five periods in its 
conversion from its condition as tapped from the furnace 
to its final state aa Bessemer metal. These are extremely 
interesting from the light which they throw upon the 
relative rapidity with which the components of the pig 
iron are attacked by the blast, and the permanency of 
some ingredients, such as phosphorus and copper, during 
the entire process. The results are as follows: — 
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From each charge blown at these wo is a sn all test 
ingot is cast, and this is immediately el eated and ub 
jected to a nnmber of tests to ascevta n the i 1 tj of tl e 
steel ; and according to the results of the e t al all tl e 
metal produced is divided into seven g ades of a y 
hardness, No. 1 being a blue steel, cont n ag f om 1 13 
to 1.58 per cent, of carbon ; and "So 1 i soft on, w h 
J'roni 0.05 to 0.15 per cent. 

The test employed consists in hammering the little 
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ingot into a bar, and subjecting it to severe working on 
the anvil, in a way which would tend to crack it if of a 
red short natare, or of inferior quality. It h then heated 
and piunged into water, and the amount of hardening 
produced proved by striking it witb a hammer, and ob- 
serving the amount of flexure produced. It is then heated 
again and bent over upon itself and welded into an eye, 
the welded portion being drawn out to a small section 
and broken off. These tests take bat a short time, and 
the expense of making them is insignihcant in comparison 
with the accurate knowledge thereby obtained of the 
natore of the steel and the pnrposes for which it is suit- 
able. As a rnle, the steel produced at the Neubcrg works 
welds with great facility, and, in fact, all the tires pro- 
duced here are welded as in the case of iron. A table of 
the tensile strengths and other properties of steel, of the 
various classes below No. 2, is exhibited, and is as fol- 
lows : — 
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The softest grade is used for wire, sheet steel, etc., and 
the higher numbers for boiler plate, gun barrels, axles, 
tires, tools, and cutlery, according to the hardness re- 
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jilate, $145.50; tires, $155.50. These prices nre little 
iibove those charged in England, where coal is abuudaTit 
and aninferior quality of metal produced. 

In other countries than Sweden and Austria, we find 
nothing that presents any remarkable feature not to he 
found in English practice. Of course, Krupp is far ahead 
of all others in respect to the size of the masses that he 
casts. He eshibits in the Exposition a forty-ton (40,000 
kilograms) ingot, intended for a crank shaft, which he 
states was cast from crucibles. His process of making 
tires is similar to that in nsc in England. He first makes 
a bloom aboat 6 feet long and 13 inches by 10 inches, 
and then cuts this np into sections of the required weight. 
A slit is cut. through the middle of these, and they are 
then worked out into an annular form, and afterwards 
rolled on a mill of a construction similar to those in use 
in England, with the exception that the bed, instead of 
being horizontal, is vertical, as if one of those machines 
were turned up on its edge. Two mills, one for rough- 
ing and one for iinishing, are employed. His tire-heating 
furnaces are placed in a pit at the side of the mill, and 
are similar to the furnaces of a brass foundry, the tires 
being laid on the tire by a central crane. 

The French also exhibit good specimens of Bessemer 
metal, but, as already stated, there seems to be no marked 
advance on what has been accomplished in England, and 
it will not be necessary, therefore, to notice in detail the 
articles they have brought forward. 

The manufacture has been established at six works, and 
the production, in 1866 was as follows : — 

Compagnie de Terrenoire .... 1,537 
Cie. de Chatillon, Commeutfy ... 59 
Soci6t6 d'lmphy, St. Saurin (Jackson's) . 4,85S 

S. Meimn'3 & Cie 000 

De Dietrich & Cie 4Sli 

Petin, Gaudet & Cie 3,S51 

Total 10,791 
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Of tills product, 368t tons were in the form of rails. 
In 1863 but three works were in operation, with a total 
prodoet of 185"? tons. At the present time the metal 
produced in France by this process does not stand a a 
higli in the opinion of iron-masters as paddled or otlier 
steel. It may be that this is due to the nature of the pig 
iron employed, or it may be due to a lack of experience 
in the manufacture as compared with other nations. 

At the works of Messrs. Petin, Gandet & Co., near 
St. Etienne, a pair of six-ton converters have been erected, 
and a single vessel, capable at present of producing a 
charge of eight tons, and in which it is expected to make 
twelve-ton charges when the lining becomes reduced in 
thickness. This is the largest Bessemer apparatus in 
France. 

Submitted by FREDERIC J. SLADE, 

Scientific Assistant to Committee No. 6. 

Paris, June 15, ]8(i7. 

Berard and Martin Processes. 

A careful study of the Exposition showed but two 
other processes for making steel worthy of notice, and 
both French : the one patented by A. Berai'd and tried 
at the forges of Montataire ; the other that of Emille and 
Pierre E, Martin, in operation at Sireuil. In both these 
systems cast steel is made in a reverberatory furnace. In 
Berard's process the conversion of the pig iron into steel 
is songht to be achieved by subjecting the melted metal 
alternately to a decarbonizing and reearbonizing flame, 
for which purpose it is necessary to employ blast. He 
uses a Siemens furnace, and avails himself of the changes 
of current required in working the regenerators to effect 
the changes of flame. The fnmace is divided by a bridge 
into two halves, and he thus operates upon two masses of 
iron at the same time, one of which is freshly charged, 
while the other contains material which is nearly decar- 
bonized. Some specimens of Berard's steel were on es- 
hiliition, and although creditable in themselves, it was 
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generally understood that he had not yet succeeded in 
making steel regularly for market. The Messrs. Martin, 
on the contrary, were not only making steel regularly at 
their own works at Sireuil, but the process is also in 
operation at two of the largest works in France — Le 
Creusot find Firminy, and is in process of erection at 
various other works in Europe, and arrangements have 
been made for its immediate introduction into the United 
States. In this process the pig iron is deprived of its 
carbon by the addition of pieces of wrought iron or steel 
either in the form of shingled puddle balls, or of scrap. 
The quantity, however, of wrought iron necessary to re- 
duce the cai'bon to the required limits, is much less than 
would be inferred, from the consideration of the quantity 
contained in the pig, and does not in practice much ex- 
ceed the quantity of pig itself. A charge of gray pig or 
of spiegeleisen is melted in a Siemens furnace, having a 
bed hollowed ont to contain it, and is allowed to remain 
abont half an hour after fusion to bring it to an intense 
white heat ; portions of malleable iron previously brought 
to a bright red heat are then added in successive charges 
of about 200 pounds, at intervals of twenty minutes to a 
half hour, each charge being thoroughly melted before 
the nest is added. After two or three such additions, 
ehnilition commences in the bath of metal, and continues 
till the carbon is wholly removed from the pig. The 
exact condition of the metal is ascertained from small 
proofs taken from the charge, after each addition of iron 
towards the end of the operation. These are ran into a 
small ingot mould, and when cooled to the proper heat, 
hammered into a plate, about t'it of an inch thick by 5 
inches in diameter. When the deearbonization is com- 
pletely effected these proofs will bend double cold, and 
show a fracture quite fibrous. A quantity of pig, gene- 
rally of the same kind as was used for the preliminary 
charge, is then added in such proportion to the amount 
of iron in the furnace as to give the desired hardness to 
the steel, according to the use for which it is required. 
When this is melted the bath is well stirred to insure 
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homogeneity in its substance, and a final proof taken, 
which is treated in the same manner as the others, and 
gives reliable evideuce as to the state of the metal before 
pouring. This enables the quality to be very exactly ad- 
justed to the degree of hardness reqaired. Shonld it be 
too soft, more pig is added, while if it is too hard, the 
mere waiting from a qoarter to half an hour will materially 
soften the metal. Arguing from this fact, Messrs. Martin 
claim that onder the influence of sach a high temperature, 
the carbon is to eorae extent spontaneonsly disassociated 
from the iron, and attribute in a measure to this fact that 
so small a proportion of wrought iron is required to effect 
the deearbonization of the pig. The coating of scale 
formed on the iron in the preliminary reheating which it 
undergoes before being charged into the furnace, also 
assists in the removal of the carbon. When the metal 
has been brought to the desired condition, it is tapped 
off at the rear of the furnace into ingot moulds placed on 
a railway car, and thus brought successively under the 
gutter. 

A considerable number of specimens of steel made by 
this process were exhibited, ranging in hardness from a 
metal too hard to be touched by a toot to a true wrongh 
iron, intended to be used in the manufacture of armo 
plates. At Messrs. Martins' works, at Sireuil, the pro- 
cess has been in regular operation during the past two 
years for the manufacture of gun-barrels, and some 
markable specimens of these were exhibited. Thus there 
was one that had been tested with very large charges of 
powder and a heavy weight of shot, which, by very pal 
pable bulging just behind the balls, testiSed as to Ibe 
softness and toughness of the metal. In another, which 
had been burst by a similarly severe charge, the metal 
had merely torn open for a certain length of the barrel, 
and the lips so formed were simply folded back 180", 
without any sign of cracking. There were also shown 
specimens of tool-steel of excellent fracture, castings of 
pieces of machinery, such as gears and framing, and a 
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large tube for a eannon of extremely soft ractal, or melted 
iron, as it is named. 

Tiie liardest variety of metal, called by the patentee 
" mixed metal," is considered suitable fur castings whieli 
do not require to be worked by tools, but where great 
strength is required, such as hammer blocks and anvils, 
large gears, etc. By a subsequent process of annealing 
or discarbonization, carried on in a gas furnace, under 
the influence of an oxidizing flame, these castings may be 
softened so as to be quite malleable and easily worked, 
and they then retain the advantage of being free from 
blow. holes. This metal is produced by adding to a pre- 
liminary bath of say 1600 pounds of pig 2400 of wrought 
iron, and adding at the end 1200 pounds of pig. For 
toot-steel, to a bath of 1600 pounds of gray pig would be 
added 2600 pounds of puddled steel from the same pig, 
and at the end of the operation 400 to 500 pounds of 
spiegeleisen. For homogeneous metal, the preliminary 
bath at Sireuil is 1200 pounds of spiegeleisen, to which 
2000 pounds of soft iron, puddled to grain, from the same 
pig, is added, and at the end of the process 200 to 300 
pounds of the same pig is charged, to give the requisite 
amount of carbon. The softest metal of all, which, how- 
ever, has not as yet been made an article of regular manu- 
facture, is made in the same way, with the exception that 
the final charge of manganiferons pi$; is but 5 per cent. 
of the contents of the furnace. With certain kinds of 
gray charcoaJ pig this proportion rises, however, to 20 
per cent., since under the influence of tlie high tempera- 
ture they refine spontaneously with great rapidity. 

Messrs. Martins' patents also cover the use of ore 
either with or in place of the wrought iron or steel used 
for removing the carbon from the pig, and when this is 
used the progress of the operation is mucli more rapid. 
It has the objection, however, that the slag formed attacks 
violently the bricks forming the sides of the furnace, and 
therefore requires frequent renewals. 

This process has tiie great practical advantage that all 
the scrap arising in the manufacture of any pt'oduct, such 
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as Uie ends of bars, etc., is readily remitted in the fur- 
nace and immediately returned to the form of useful in- 
gots. 

The flame in tho furnace is kept always slightly snr- 
eharged with gas; an effect which the use of the Sienieiia 
furnace renders easy and certain, and by this means the 
waste of the metal is always moderate. 

For the production of soft steel suitable for gnn-bar- 
rels or for tirea, this metal already enjoys considerable 
reputation in Europe, and, indeed, were it not for its ex- 
cellent quality, it would be impossible to sustain the 
manafacture at Sirenil, where there is neither iron nor 
coal, the latter being brought from England and the 
former from various parts of France. 

The results here stated were verified by a personal resi- 
dence of Mr. Slade during several weeks at the works at 
Sireuil, and the regular and commereiai success of the 
process was in that way seen to be fully achieved. 

It is not asserted that cast-steel can be made as cheaply 
by this process as by the Bessemer ; but where a product 
of definite quality is to he produced day by day, without 
rejections to any considerable extent, the Martin process 
has a decided advantage over the Bessemer, and in com- 
parison with the crucible steel is decidedly less expensive. 
Its chief drawback would seem to lie in the difficulty of 
keeping the furnace in order, and only the most refractory 
materials will withstand the high heat required for its 
operation. As much as five tons of steel have been pro- 
duced by this process at a single heat, and there is no 
difficulty in combining the product of several furnaces 
where larger masses are desired, inasmuch as the temper 
of the heat in each furnace can be brought and maintained 
to exactly the same standard. It would seem also to pre- 
sent the best solution yet devised for the difBculty experi- 
enced by the accumulation of the ends of Bessemer steel 
rails, inasmuch as these can be used in lieu of the puddled 
iron required by the process. It is possible, also, to use 
old rails in the same manner, and, indeed, any old scrap, 
but the resulting quality of the steel will, to a great ex- 
tent, depend upon the quality of the old iron bo used. 
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TABIES 



KELATiVE VALUES OP FRESC1I AMD ENGLISH WEIGHTS 
AND MEASURES, &c. 



Measures of Length. 



Millimetre 


= 


0.03037 


inch. 


Centimetre 


= 


o.3!i:m8 


" 


Denim ct re 


= 


3.937079 


inciiea. 


Metre 


= 


39.37079 


" 


" 


= 


3.2808992 


feet. 




= 


1.093633 


yard. 


Deoaroetre 


=^ 


32.808993 


feet. 


HectoDiKtre 


= 


328.08992 




Kilometre 


= 


3280.8992 






= 


1093.033 


yirts 


Myriametre 


= 


10936.33 






= 


6.2138 


ml " 


iDoh (Jj yard) 


= 


2.5399 4 


centimetrea. 


Foot (J yard) 


=3 


3.047944t 


decimetres. 


Yard 


= 


0.9143h348 metre 


Fathom (2 yarrls) 


= 


1.8287bli9i 




Poleor perch (SJ yards) = 


5.029109 


metres. 


Furlong (320 yards) 


= 


201.16437 


" 


Wile (1760 yards) 


= 


J 609. 3149 




Nautical mile 


= 


1853 





( 335 ) 
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VALUES OP FrtENCH AND E^■C^SH 

Superficial Measures. 

e millimetre ^ g}- square inch. 

" = 0.00155 " " 

centimetre = O.155O0S '■ 

decimetre = 15.50059 " inches. 

= 0.10TS43 " foot, 

metre or centiarfl = 1550.05989 " iaches. 

" " = 10.7(!4299 " feet. 

" " = 1.18PU33 " yard 

= 1070.4299 " feet. 

= 119.S033 " yards, 

= 0.098845 rood, 
re = 11960.3326 square yards, 

= 2.471143 acres, 

e inch = 645.109201 square mill i met 

= e.451367 



" foot 

" rod or perch 
Rood (1210 aq. yards) 
Acre (4840 sq. yards) 



0.836097 " 
25.291933 " 
10.116773 ares. 

0.4041)71 hecli 



Measures of Capacity, 

Cubic millimetre = 0,000061027 cubic inch, 

.litre = 0.061027 " " 

tilitre= 0.61027 " " 

' decilitre = 6.102705 " inches. 

' litre = 61.0270515 " " 

= 1.760773 Imp'l pint. 

= O.22O0967 " gal'n. 

Decalitre = 610.270515 oubio iaches. 

" = 2.2009668 imp. gal'ns. 

Hectolitre = 3.531658 cubic feet. 

= 22.009668 imp. gal' ns. 

Cahia metre or stere or kilolitre = 1.30802 ctlbic yard, 

" " " = 35.3165807 " feet. 
Mj-rl^litre = 353.1G5S07 
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■ffElGIITS ANU MEASURES, KTC. S6 

Cubic inch = 16.386176 cnliiu centimetres 

" foot =^ 28.315312 " decimetres. 

" jard = 0.764513422 " metre. 

American Measures. 

Winchester or U.S. gallon (331 cub.in.) = 3.785209 litre: 

" " bueliel(2150.42oub.in.)= 35.23719 " 

Chaldron (57.25 cubic feet) = 1621.085 " 

British Imperial Measures. 



Gill 




= 0.141983 litre. 


Pint (_i gallon) 




= 0.567932 " 


Quart a gallon) 




= 1.135804 


Imperial gallon (277.2738 culi. in.) = 4.54345707 litres. 


Peck (2 gallons) 




= 9.0869159 " 


Bushel (8 gallons) 




= 36.347664 


Sack (3 bushels) 




= 1.09043 hectolitre. 


Quarter (8 bnsbels) 




= 2.907813 becloliti'es. 


Chaldron (12 sacks) 




= 13.08516 




Weights. 


Mllliqriniln- 


= 


0.015438395 froy grain. 


(.pntigrininie 


= 


0.154383B5 " 


DecLgramQiB 


= 


1.6438395 " " 


Gramme 


1= 


15.438395 " grains. 


" 


= 


0.643 pennyweight. 






0.0331633 01. troy. 


" 


= 


0.0352889 oz. avoirdupois. 


Decagramme 


= 


154.36395 I roy grains. 




= 


6.64 drachms avoirdupois. 


Hectogramrae 


= 


3.21633 oz. troy. 


" 


= 


3.63889 oz. avoirdupois. 


Kilogramme 


= 


2.6803 lbs. troy. 




= 


2.205486 lbs. avoirdupois. 


Myriagramme 


= 


26.803 lbs. troy. 




= 


22.05486 lbs. avoirdopois. 


tuiiifal metriqut = 


ion kilog. = 320.5486 lbs. avoirdupois. 


■onne = 1000 kilog. = 2205.480 " 
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VALUES OF FRENCH AXD EXGLISII 

int authors give the following values for tl.e gra 

Gramme = 15.44402 troy graias, 

= 15.44242 

" = 15.4402 " 

= 15.433159 

= 15.43234874 " 



AVOIRDUPOIS. 
Long ton =; 20 cwt, = 3240 lbs. = 1015.649 kiloj^ra 

Short ton (2000 Iha.) = 906.8290 ■' 

HaQared weight (U2lba.) = 50.78245 

Quarter (28 lbs.) = 12.695til44 

Pound = 16 oz. = 7000 grs. = 453.4148 gramm 
Ounce = 16 dr'ms. = 437.5 gra. = 28.3375 



Draelim = 27.344 grains 



1.77108 



Pound = 12 oz. = 5760 gra. = 


373.03C gramme 


Ouuoe = 20 dwt. = 480 grs. = 


31,0013 


Pennyweight = 24 gra. = 


1.55457 gramme 


firain = 


0.064773 


APOTHECARIES' (f 


HABHACT). 


Ounce = 8 drachma = 480 grs. = 


31.0913 gramme 


Drachm = 3 sornples = 60 grs. = 


3.886& 


Scruple ^ 20 gra. = 


1.29546 gramme 



CARAT WEIGHT FOR DIAMONDS. 
. earat =^ 4 carat grains = 64 earat parts. 
" = 3.2 troy grains. 

= 3.273 " 
" = 0.207264 gramme 
" = 0.212 " 

" = 0.205 " 

Sreat diversity iu value. 
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WEIGHTS ASD MEASURES, ETC. 

Proposed Symbols for Abbreviations, 



loooo 


Mm 


1000 


Km 


100 


Urn 


]0 


Dm 


1 


metre— m 


0.1 


dm 


O.OI 




0.001 


»m 



Mg 


Ml 


Kg 


Kl 


Hg 




Dg 




gramme— E 




dg 






cl 


mg 


ml 



Km = Kilometre. HI ^ Hectolitre, eg =^ centigramme. 
D, cm ^ ™' ^ cubic centimetre, di* = sq. dm ;= square deoi- 
mette. Kgm = Kilogrammetre, Kg" ^ Kilogramme degree. 



Ce„iu 


« Ceuli«r.Je. 


F. 


ra.h.U. 




n,..r. 


^ 15° 




5' 


— 12° 


— 10 




- 14 


— fi 


_ 5 




- 23 


— 4 


molting 




- 32 


ice 


H 


- 5 




- 41 




- 4 


- 


- 10 




- 50 




8 


- 


- 15 




- SO 




- vz 


- 


^ 20 




- iiS 




- IG 


- 


- %', 




- 77 




- 20 




- 30 




- 8(i 




- 24 


- 


- 35 




- 95 




- 28 




- 40 




-104 




- 32 




h 45 




I-113 




- 36 




. 50 




-123 




- 40 




- 55 




-131 




- 44 




- tiO 




.140 




h 48 




. HS 




-149 




, 52 




■ TO 




-158 




h 56 




■ 75 




-1C7 








- go 




hlTS 




h 64 




1- 85 




-185 




. 63 




- 90 




-134 




- 72 




■ 95 




-203 




. 76 




-100 boiling 




-212 








■200 




■392 




■ua 




-300 




■572 




-240 




■400 




-752 




-320 




■500 




h932 




■400 



d=,Google 



340 VALUES OF FRKXCII AXD EXGLI.-II 

1° C. = 1^,8 Ft. — I" ft. = (PA R. = f R. 
1" C. X I = 1° Ft. 1" Ft. X ; = 1° C. 1° E. X 5 =1° Ft. 
1' C. X i = 1° K. 1° Ft. X 5 =- 1° It- 1° R- X J =1° C. 

Calorie (French) = unit of heat i 

^ kilogramioe degree ( ° 
It la the quantity of hpat necessary to raise 1° C. the tempera- 
ture of 1 kili^ramme of distilled water. 

Kilogcammetre = Kgm = the power necessary to riise 1 kilo- 
gramme, 1 metre high, in one Eeconi. It is equal to -^'^ of a 
French horsepower. An English horse power = 550 footpounds, 
while a French horse power ^ 542.7 foot pounds. 

Ready-made Calculations. 





Icclieato 


Feel to 


Y»rd> t» 


Miles 1« 


MUIln>8tr« 


nnils 


cemlmetrEa. 


mptrcB, 1 mclroa. 


Ki Lorn fires. 


to InchM. 


1 


2.53995 


0.3047945 ! 0.91438343 


1.6093 


0.03937079 


V. 


5.0799 


O.G0958BO 


1.8287B69E 


3.21 86 


0.07874158 


■A 


7.6199 


0.9143835 


2,74315044 


4.8279 


0.11811237 


4 


10.1598 


1.2197680 


3.65753392 


6.4373 


0.15748316 


J- 


12.6998 


1.5239724 


4.5719174( 


8.0466 


0.19685395 


« 


15.2397 


1.8287669 


B.4B63008i 


9.6559 


0.23622474 


V 


17.7797 


2.1335614 


6.4006843) 


11.2652 


0.27B69563 


H 


20.3196 


2.4383659 


7.31506784 


12.8745 


0.314966S2 


S 


22.8596 


2.7431504 


8.22945135 




0.35433711 


ID 


25.3995 


3.0479450 


9.14383480 


16.0930 


0.39370790 



N^. 


Cenlimeltes 


Melre5 tu 


Metres 10 
yards. 


^;Jz£' 


Sq||^*^ineh« 


1 


0.3937079 


3.2808992 


1.093633 


0.6213824 




'i 


0.7874158 


6.5617984 


2.187266 


1.2427648 


12.90272 


;^ 


1.1811237 


9.8426976 


3.380899 


1.8641472 


19.35408 


4 


1.6748316 


13.1336968 


4.374532 


2.4856296 




n 


1.9685395 


16.4044960 


6.468165 


3.1069120 


S2.266E0 




2.3622474 


19.6853952 


6.561798 






7 


2.7559553 


22.9662944 


7.655431 


4.3496768 


45.15953 


« 


3.1496632 


26.2471936 


8.749064 


4.9710592 


61.61088 


9 


3.6433711 


29.5280928 


9.842697 


5.6924416 


68.06224 


10 


3.9370790 


32.8089920 


10.936330 


G.2138240 


64.51360 
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IVEIGHTS AND MEASURES, ETC. 



Ko 


Sq.iai'=r«>tlo 


Sq. j-ard- (0 


Ac™ 10 


Sqn»™ 




u."u 


Bq. HSttea. 


^. «>««,. 




to Hq. fnchfs. 




1 


0.0929 


0.836097 


0.404671 


0.15S 


10,7643 


2 


0.1858 


1.672194 


0.809342 


0.310 


21.5286 


H 


0.2787 


2.508291 


1.204013 


0.465 


32.2929 


4 


0.3716 


3.344398 


1.618684 


0.620 


43.0572 


^ 


0.464B 


4.180485 


2.023355 


0.775 


53.8215 




0.5574 


5.01S682 


2.428026 


0.930 


64.5868 


7 


0.6503 


5,852679 


2.832697 


1.085 


75.3B01 


K 


0.7433 


6.688776 


3.237368 


1.240 


S6.1144 




0.8361 


7.534873 


3.642039 


1.395 




10 


0.9290 


8.360970 


4.046710 


1.550 


107.6430 



Ko. l&inaH.™*.™ 


H«t»rf. 


Cnbl.icoh.. 


C.l,l.fe«fp 


C=bl=y..d, 


n^il. 






«ntld,el«,. 




n,etr«. 


1 


1.196033 


3.471143 


16.3855 


0.02831 


0.76451 


'/. 


2.392066 


4.942286 


32.7710 


0.05663 


1.52003 


3 


3.588099 


7.413429 


49.1565 


0.08494 


2.29354 


4 


4.784133 


9.884572 


65.5420 


0.1I32S 


3.0S&05 


5 


5.980166 


12.3S5715 


81.9275 


0.14157 


3.82257 


6 


7.176198 


14.826858 


98.3130 


0.16988 


4.58708 


7 


8.372231 


17.298001 


114.6985 


0.19819 


6.36159 


H 


9.568264 


19.769144 


131.0840 


0.32651 


6.11611 






22.240287 


147.4695 


0.25482 


6.88062 


10 


11.960330 


24.711430 


163.8550 


0.28315 


7.64513 







h™i„iii™, to 


Cnlic mclrea 






7^'icTnches!' 




cuHLeftst. 


locuHlcfeet. 




1 


0.06102 


61.02705 


3.6317 


35.31659 


1.30803 




0.12206 


122.05410 


7.0634 


70.63318 


2.61604 


3 


0.18308 


183,08115 


10.5951 


105.94977 


3.92406 


4 


0.24411 


244.10820 


14.1268 


141.26636 


fi.23208 


5 


0.30514 


305.13525 


17.6585 


176.38295 


6.54010 


fl 


0.36617 


366.16230 


21.1902 


211.89954 


7.84813 


7 


0.43720 


427.18935 


24.7219 


247.21613 


, 9.1BS14 




0.48833 


488.21640 


28.2536 


2S2. 53272 


10.46416 


9 


0.54926 


549.24345 


31.7853 


317.84931 


11.77318 


10 


0.61027 


610.27050 


33.3166 


353.16590 


13.08020 



d=,Google 



FEEXCII AXU 



GLISII IVEIGIITS, ETC. 



Ko Gram, 


OaDr^B^voir. 


Ooi.., troy 'ponnd.aTOlr- Poand, tray 


of" to KramnieB. 
















kllogTBinniBB.-kllogMniins!. 


1 


0.064773 


28.3375 


31.0913 


0.4534148 


0.373096 


2. 


0.129546 


56.6760 


62.1826 


0.9068296 


0.746192 


3 


0.194319 


85.0125 


93.2739 


1.3602444 


1.119288 


4 


0.2S90Ba 


113.3500 


124.3652 


1.8136592 


1.492384 


5 


0.323865 


141.6871 


156.4666 


2.2670740 


1.866480 


6 


0.388638 


170.0250 


186.5478 


2.7204888 


2.238576 


7 


0.453411 


198.3625 


217.6391 


3.1739036 


2.611672 


8 


0.5181 S4 


226.7000 


248.7304 


3.6273184 


2.984763 


9 


0.582957 


255.0375 


279.8217 


4.0807332 


3.357864 


10 


0.647730 


283.3750 


310.9130 


4.5341480 


3.730960 






N. 


Long Inns to BgoKi-elDchtfp Graminea lo 
onoes odOOO kilogrBiumca glalUB. 


Qr,n,n,.sto 


ounces Iraf. 


""'"■ 








~T 


1.015li49 , 0.0702774 


15.438395 


0.0352889 


0.0321633 


2 


2,031398 i 0.1405B48 


30.876790 


0.0705778 


0.06432C6 


3 


a046947 , 0.2108322 


46.316185 


0.1068667 


0.0964899 


4 


4.06259S 0.381109S 


61.783580 


0.1411568 


0.1286532 


5 


6.078245 0.3513870 


77.191975 


0.1764445 


0.1608165 


6 


S.093894 


0.4216644 


92.630370 


0.211 73.14 


0.1929798 


7 


7.109543 


0.4919418 


108.068765 


0.2470223 


0.2251431 


8 


8.125192 


0.5622192 


123.507160 


0.2823112 


0.2573064 


9 


9.140841 


0.6324966 


138.945555 


0.3176001 


0.2894697 


10 


10.156490 


0.7027740 


154.383950 


0.3628890 


0.3216330 










1 


Metric lonue 


Kilog. per 


KUOK, p.r 




RilnBrttninifa KMo)t<^rnin«i 


or 1000 kiLoj 


nqiiiiiB milll- 
















until 


KYoirfnpoia, 


.r.y. 


2240 U"d^ 


P™°dV^r 


.r-ro'tuTh. 


1 


2.205486 


2.6803 


0.9845919 


1422.62 


14.22626 


2 


4.410972 


6.3606 


1.9691838 


2646.05 


28.45052 


3 


6.616458 


8.0409 


2.9537757 


4267.67 


42.67673 


4 


8.821944 


10.7212 


3.9383676 


5690.10 


66.90104 


C 


11.027430 


13.4015 


4.9229595 


7112.63 


71.12630 


e 


13.232916 


16.0818 


n.9075514 


8536.15 


85.35156 


7 


15.438402 


18.7621 


6.8921433 


9957.68 


99.67682 


8 


17.643838 


21.4424 


7.8767352 


11380.20 


113.80203 


S 


19.849374 


24.1227 


8.8613271 


12802.73 


128.02734 


10 


22.054860 


26.8030 


9.84B9190 


14225.26 


142.25260 
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INDEX. 



of beat on iron, 9T 

of boat on steel, 4T 

of mtmgnnese on sillc 

Advantage of alo 



im, 95 



.^thalia rieh in iron, 37 

ASnitj. law of, 214 

Agrloola does not mention r 

metal, 40 
■ ■ ■ wire maniifiiotnry. 27T 



'Sim 
Aleittnder's . 
Alkalies, action of, 1 

in chareoni, TO 
Allen's vorhe, 3U 
Alloy of iron, 85 



It of St 



., 37 



I, 130 



1, 322 



of Swedish pig m 
of Swediab eteel, 322 

Anoient eutlers of Sheffield, 
knowledge of iron, 2B 
metallnrglsts, 39 

Annealing, 227 

furnace for wire, 277 
of crucibles, I7S 
of tltee. 269 



Apotbecaries' weight, 338 
Apparatus for granulation, S 
Append!:!. 299 
■ rangeaient of iron and oha 



of cost steel, 9 
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IXDEX. 
5, 330 Calor 



Bilbno 



i, 201, 299 



Bilbilia, city of, 38 

BlBca; celebrated for ateel, 42 

Bltamlnoas coal, 7T 

e«rlj use of, 29 
Btoeksmitha of importniK'e. 32 
Blank cutting for files 



it furna 



41 



I, 40 



Blast f»rnHCf!i. English 
in Englnnd, 30 



Bteokjige of etcel spontancoBsl 

241 
Breaking Heights of Jteel, 251 






5el, 27 
lfl5 



BroB-j) htematite, 61, 66 
ochre, 67 

Buried steel, 260 

Culatsyud celebrated for steel 



Calcii 






I, 59 



I3S 
ns, ready-made, 340 



how muoh wanl*d, 103 
Carbonates of iron, annlysis of, 62 
Carbonate of iron, how knovrii, 



CarboDlzntion, Tl 

object of, 72 

of coal, SO 
Carbon, purest form, 80 

nith iron, SS 
Carburets, 87 

of mrtnganefe, 93 
Cnrmel, mines of, 3A 



Celtiberians bury sUel, 249 
Cementation, 98, 163 

ateel of, 162 
Cemented iron, first in Germ: 



Cbaraclfristtcs of or 
of steel, 243 

Charcoal, 72 

alkalies in, 76 
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Cboosmg steel bj signs, 2-18 
Charge for puddling, 159 
Charging fnrnMes, 145, 150, IBl 
ChBloisWr. qnantitntive, 130 
Chenot process, 1»7 
Cherry ooal, 77 

Chinese knowledge of steel, 26 
Chio, 102 

Chloride of aodiam as a fiax. 195 
Chrominm, estimation of, 137 
I>ndBteel,Z20 



Clark's hateeshoe, 253 




Drilling needles, 2S9 






Drying of orucibleB, 178 


working of. 173 






Cleaton iron, 302 




Earths, miiture of, 171 


Coal, TT 




Earthy materiab. 68 


annlyele of, TS 




E^t early knowsofuon and St 


calorific power of, 78 






carbonization of, SO 




EdehMkl, 158 


how formed, 77 




Effeots of eiposure of iron. 65 


speeifio grarity of, 73 




Electrical action of iron. 238 


Coke. 77, 79 




Electrioitj in sleel combustion 


calorific Talne of, SO 




England, furnaces in, 3U0 


natnral, 81 




iron in, 300 


prodnction of, 79 




oldest knowledge of iron. 


Cold hammering, 24! 






Colors, for tempering, 237 




blast furnace. 41 


showing heat, 237 








sjgen, 


fuel, 301 






irons, annlysia of. 302 


of sulphur with iron. 5 


i 


Engraving on sleel, 295 


ComparatiTe power of fueln 


49 


steel plate for, 294 




T 


E>rola, 147 


of wooti, IS8 




Estimation of graphitic carb 


IWaumer'e best for stee 


, 127 


eW.,lSS 






of sulphur and phospho 


Coct of AuEtrinn steel, 328 




133 


of steel, 326 




of the carbon, 132 


Croeiblee for making steel, 


170 


E,off,s, 218 


Ballefin'8 inrention fo 


heat 


Expansion horseshoe, 2=4 


ing, 137 




EiperimeotB of trench, 210 


moulds for, 173 




of Reaumur, 108 


used bvR^aamor, 107 




Exrposition, steel in, 299 


Cptlery, Sheffield, U 




Exposure of iron, effects of, 55 


Cutting of blanks. 261 






saw teeth, 298 




Fagersta works, 324 

Felling wood for charcoal, 73 






Fibrous texture in steel, 245 


of Henri. 213 




Files, 258 
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A RMENGAUD, AMOHRODX, AHD JOHNSON.— THE PRACTICAL 
"■ DRAUGHTSMAN'S BOOK OF INDUSTKIAL DESIGN, AND 
MACHINIST'S AHD ENGIHEEE'3 DEAWISG COMPANIOH: 
ForniiEg a complete course of Meohamciil Eogineeriiig aad 
Architectural Drawicg. From the Frencli of M. ArmeDgaud 
the elder, Prof, of Design ia the Conservatoire of Arts and 
Industry, Paris, and MM. Armcngauil the younger and Araon- 
roux, Ctrtl Engineers. Bewritten and arranged, nith addi- 
tional matter and plates, selections from and cxampli:s of the 
moat uaeful and generally employed mechanism of the day. 
By WiniAK JoHssoN, Assoc. Inat. C. E.. Editor of "The 
rraotical Mcehaaie's Journal." Illuslrated by 60 folio steel 
plates and 60 wood-cuts, A new edition, ^to. $10 00 

ABROWSMITH.— PAPEE-HAFOEH'S COMPiUIOF: 
"■ A Treatise in which the Practical Operations of the Trade are 
System aticaily laid down: with Copious DireotLona Prepara- 
tory to Papering ; Preventives against the Effeet of Damp on 
Walls; the Various Cements and Pastes adapted to the Seve- 
ral Purposes of the Trade; Observations and Directions for 
the Panelling and Ornamenting of Rooms, &o. By Jahes 
AltnowsMiTii, Author of "Analysis of Drapery," &o. 12mo,, 
cloth ¥1 £5 
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A Practiual Treatise on Cotton Spinning; giring tbe Dimeo- 
siona and Spaed of Machinery, DrHnght and Twist Calouin- 
tlons, etc.; Tritli notioea of recent ImproYeraenla : togetlier 
with Kules and Examples for making uhangcs in the sizes acd 
numbers of Roving and Yam. Compiled from the papers of 
the lato Robert It. Baibd. 12mo. . . . $1 50 

SEE.— LOKG-SPAK EAILWAT BRIDGES: 
Comprising laTeetlgationa of tho ComparatJTO TheoreUca! and 
PracdcalAdTantogea of thevariouB Adopted or Proposed Type 
Systems of ConstmcOon; with nnmeroua Formulie and Ta- 
bles. By B. Balier. 12mo $2 00 

lAKEWELL.— A MAHtTAL OF ELECTEICITY— PBACTICAL AND 
THEORETICAI : 
By F. C. Bakekeli, loyentor of the Copying Telegraph. Se- 
cond Edition. Revised and enlarged. Illustrated by nume- " 
rona engravings. 12mo. Cloth . . . . $2 00 



pLENKASH.— PRACTICAL SPECIFIC ATIO US OF WORKS EXE- 
" CUTED IH ARCHITECTURE, CIVIL AND KCECHAKIC.IL 
EUGIMEERIHG. ASD IN ROAD MAKING AND SEWER- 
ING: 

To wbioh aro added a series of practieally useful Agreements 
and Reports. By John Elekkabb. Illastrated by fifteen 
large folding plates. 8vo $3 00 

■pLINH.— A PRACTICAL WORKBHOP COMPANION FOB TIN. 

■" BHEZT-mON, AND COPPER-PLATE WORKERS : 

Containing Rules for Deserihing various khila of Putterna 
nsed by Tin, Sheet-iron, and Copper-plate Workers ; Practical 
Geometry ; Mensuration of Surfaces and Solids ; Tables of the 
Weight of Metals, Lead Pipe, etc. ; Tables of Areas and Cir- 
oumferences of Circles ; Japans, Vamisiies, Lackers, Cements, 
Compositions, etc. etc. By Lebot J. Blins, Master Me- 
chanic. With over One Hundred Illustrations. 12mo. $2 50 



d=,Google 



HEHRT CARET BAIRD'S CATALOGtIE, 9 

■pOOTH.— MAEBIE WOEKEE'S KAHTJAL : 

Containing Prattical Information respecting Mirblea in gene- 
ral, their Cutting, Working, nud Polishing ; Veneering <>' 
Marble; Mosaics; Compoeition anii Use of Artificial Mnrble, 
Stuccos, Cements, Receipts, Secrets, etc. etc. Translated 
ftom tlio French by M, L. Booth. With an Appendix con- 
cerning American Marbles. 12mo., cloth . . *1 50 
■pOOTH ARD MOEFIT.— THE ENCYCIOPEDIA OF CHEMISTET, 
^ FBACTICAL AND THEOEETICAL : 

EnibrB.oingita application to the Acts, Metallurgy, Mineralogy, 
Geology, Medicine, and Pharmacy. By James C. Booth, 
Melter and Refiner in the United Staffs Mint, Professor of 
Applied Chemistry in the Frankliu Institute, etc., assisted by 
Campbell Mosfit, aathor of "Chemical Manipulations," etc 
SeTEnth edition. Complete in one -volume, royal 8vo., 978 
pages, -with numerous wood-euts and other illustrations. $5 00 
■DOWDITCH.— ANALYSIS, TECHNICAL VALDATION, PTJEIFI- 
^ CATION, AND DSE OF COAL GAS: 

By ilev. W. R. Bowdiich. Illustrated with wood eagrar- 

iags. 8™ $C 60 

■pox.— PRACTICAI HTDEAUtlCBl 



■pBCKMASTEE.— THE ELEMENTS OF UECHANICAL PHYSICS : 
By J. C. BnoEHAsrEH, late Student in the Government School 
of Mines ; Certified Teacher of Science by the Department of 
Science and Art; Esaminer in Chemistry and Physics in the 
Royal College of Preceptors ; and late Lecturer in Chemistry 
and Physics of tho Royal Polytechnic Institute. Illustrated 
la engravings. In one vol. 12mo. , $2 00 



■pUILOCK.— THE AMEEICAN COTTAGE BUILIlEa : 
^ A Series of Designs, Plans, and Specifications, from $200 U> 
to $20,000 for Homes for the People ; together with Warm- 
ing, Ventilation, Drainage, Painting, and Landscape Garden- 
ing. By John Bullock, Architect, Civil Engineer, Mechani- 
cian, and Editor of "The Rudiments of Architecture and 
Building," etc. Illustrated by 75 engravings. In one vol. 
8vo. $3 50 
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HKNRT CAREY BAIRTt'S f ATALOOTTO. 



For the use of Arobiteots, Builders, Draughtamen, Mwiliin- 
ists, Engineers, and MeohanicB. Edited by John BulIock, 
anther of ■■The American Cottage Builder." Llnetratod by 
250 engravings, la one volume Svo. , , . $3 60 

IJTiaGH.— PRACTICAL ILLTJSTRATIOIIS OF lAlfD AND MA- 

■^ RIHE ENGIHES : 

Showing in detail the Modera ImproTemeEts of High and Low 
Pressure, Surfico Condensation, and Super-heating, together 
with Land and Marine Boilers. By N. P. Brnan, Engii||er. 
lllnstrated by twenty platfls, double elephant folio, with tost. 
$21 00 

pHRGH.— PEACTICAI ETILE3 FOB THE PROPOETI0H8 OS 

^ MODERN EHBIHES AND BOIIEES FOE lAND AHD MA- 



ByN. P. BuBOH. Engineer. I2mo. . . . $2 00 

■DDEGH.— THE SIIDE-VAIVE PEACTICAILY COHSIDEEED: 

■^ By N. P. BuRQH, author of "A Treatise on Sugar Machinery," 
"Practical lUuatradona of Laud and Marine Engines," ■'A 
Pocltet-Book of Practical Rules for Designing Land and Ma- 
rino Engines, Boilers," etc. efc. etc. Completely illaslratcd. 
llmo $2 00 

■p YEN.— THE COMPLETE PRACTICAL BREWER : 

^ Or. Plain, Accurate, and Thorough Instructions in the Art of 
Brewing Beer, Ale, Porter, inducting the ProceES of mailing 
Bavarian Beer, all the Small Beers, such as Root-beer, Ginger- 
pop, Sarsaparilla-beer, Mead, Spruce beer, etc. etc, Ad.apted 
to the use of Public Brevrers and Private Families. By M. La 
Payette Eybn, M. D. With illuatrationa. 12mo. $125 

■DYRH,— THE COMPLETE PRACTICAL DISTILLER: 

Comprising the moat perfect and exact Theoretical and Prao- 
tioal Description of the Art of Distillation and Rectification; 
including all of the moat recent imprOTements in distilling 
apparatus; instructions for preparing spirilB from the nume- 
rous vegetables, fruits, etc. ; directions for the distillation and 
preparation of all kinds of brandies and otber spirits, spiritu- 
ous and other compounds, etc etc. ; all of which is so simpli- 
fied that it is adapted not only to the use of eitenaive distil- 
lers, hut for every farmer, or others who may wish to engage 
in the art of dialiUing By JL La FArEirE Bybn, M. D. 
With numerous epgravings. In one volume, ISmo. $1 60 
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ilEKllY CAEEY BAIRD'S CATALOOTTE. f 

■pTENE.— POCKET BOCK FOE RAILSOAD AND CIVIL ENGI- 

^ MEEE8: 

CoDtaining New, Eiact, and Concise Methods for Laying out 
Railroad CnrveB, Switclies, Frog Angles and Crossings; the 
Stalling out of work; Levelling; the Calcnlation of Cut- 
ting!;; Embankments; Earth-work, elc. By Oliver IStebe. 
Illustrated, 18mo $1 25 

■pyEBE.— THE HAHDBOOK FOB THE ARTISAN, HECHANIC, 

■° ADD EHGIHEER : 

By Oi.iTEB Btene. Illustrated by 11 large. plates and 185 
Wood EcLgraTings. 8vo S5 00 

TDYEHE— THE ESSENTIAL ELEMEHTS OS PEACTICAL ME- 

" CHANICS: 

For Engineering Students, baaed on the Principle of Work. 
By OiiVEft BvRNE. Illustrated by Numerous Wood Engrav- 
ings, 12n!o $3 63 

■pYRNE,— THE PBACTICAL METAl-WOEKEE'S ASSISTANT: 

^ Comprising Metallargio Chemistry; the Arts of Working all 
Metals and Alloys ; Forging of Iron and Steel | Hardening and 
Tempering; Melting and Mising; Casting and Founding; 
Works in Shoot Metal; the Processes Dependent on the 
Ductility of the Metals; Soldering; and the most Improved 
ProcesaBS and Tools employed by Metal- Workers. With the 
Application of the Art of Electro- Metallurgy lo Manafaetu- 
ring Processes ; ooUeeted from Original Sources, and from the 
Works of Holtzftpffel, Bergeron, Leupold, Plumier, Napier, and 
others. By Oiiykk Etrse. A New, ReTised, and improved 
Edition, with Additions by John Scoffern, M. B , William Clay, 
Wm. Pairbaim, P. E, 8., and James Napier. With Five Hun- 
dred and Ninety-two Engravings; Illustrating every Branch 
of the Subject. In one volume, 8vo. 662 pages . $7 00 
-RYEHE.— THE PEACTICAL CALCULATOE : 

For the Engineer, Mechanic, Manufacturer of Engine Work, 
Naval Architect, Miner, and Millwright. By Oliveb Btknb. 
1 volume, 8vo., nearly 600 pages . . . . $4 fiO 
pABINET MAKEK'S ALBUM OF FCRinTBEE: 

Comprising a Collection of Designs for the Newest and Most 
Elegant Styles of Furniture. Illustrated by Forty eight Largo 
and Beautifully Engraved Plates, In one volume, oblonp; 

$5 00 
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6 HEKEY CAREY BAlTiD'S CATALOfiUE, 

riALVEET.— lECTUSES OS COAl-TAE COLORS, AK3 ON EE- 
" CENT IMPEOVEMEKTS AND PH0GEE8S IH DYEIHG AND 
CAIICO FEINTING: 

Emboiijing Copioue Kotes tttfcen at the last London interna- 
tional Eihibitiou, and Mustral^d with Numerous Pailerm of 
Aniline and otber Colors. By F. Ghace Caivkbt, F. R. S., 
F. C. S., Profeaaor of Chemistry at the Rojal Institution, Man- 
chester, Corresponding Member of the Royal Academies of 
Turin and Rouen ; of the Pliarmiwcutioal Society of Taiia ; 
Socitti lodustrielle de Malhouse, etc. In one Tolume, 8to., 
cloth $1 ao 

r MECHAHICAL EN- 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, 
Workshop Machinery, Mechanical Manipulation, Manufacture 
of S team -enginea, etc. etc. With an Append! i on the Ana- 
lysis of Iron and Iron Ores. By Feascis Campin, C. E. To 
■which aro added, Observadons on the Conetrnction of Steam 
Boilers, and Remarks upon Furnaces used for Smoke Preycn- 
tJon; with a Chapter on E pi By R \rmstcong, C. E., 

and John Bourne. Rules f C I 1 g the Change Wheels 
for Screws on a Taming L h a d f a Wheel-cutting 
Machine. By J. La Nice M m t f Steel, including 

Forging, Hardening, Temp g An 1 og Shrinking, and 
Eipansion. And the Ca h d n g f I n. By G. Edb. 
8to. Illustrated with 29 pi t a d 100 w d engraTings. 

$6 00 



With Instructions for Taming such works in Metal as may be 
required in the Practice of Turning Wood, Ivory, etc. Also, 
an Appendii on Ornamental Turning. By Fbsmcis Campin ; 
with Numerous Illuetrations, 12mo., cloth . . $3 00 



A Practical Treatise on the Fabrication of every Commercial 
Product derived from Indigo. By Felicies Capron ee Dole, 
Translated, with important additions, by Professor H, Dus- 
BAUCR. 12tao $2 50 
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pAREY.— THE WORKS OF HENRY C. CAREY: 

CONTRACTION OR EXPANSION ? REPUDIATION OR RE- 
SUMPTION? Letters to Hon. HugU McCullooh. 8to. 38 

FINANCIAL CRISES, their Cansea imii Effeota. Bto. puper 

26 

HARMONY OF INTERESTS; Agricultural, Manufacturing, 

and Commercial. 8 ro., paper $1 00 

Do. do. cloth . . . $1 50 

LETTERS TO THE PRESIDENT OF THE UNITED STATES. 
Paper 76 

MANUAL OF SOCIAL SCIENCE. Condensed from Carej'a 
"Piinoiplea of Social Science." By Kate McEkan. 1 vol. 
12eio $2 26 

MISCELLANEOUS WORKS: comprising "Harmony of Inter- 
ests," "Money," "Letters to tlie Tresident," "Frencli and 
American lariffa," "Financia! Crisca," "Tbe Way (o Outdo 
England wittiout Fighting Her," ''Resources of the Union," 
"The Public Debt," "Contraction or Espaosion," "ReTiew 
of the Decade 1867 — '07," " ReconstructiOQ," etc. etc. 1 toI. 
Syc, cloth $4 50 

MONEY: A LECTURE before the N. Y. Qeographical aod Sta- 
tistical Society. Sro., paper 25 

PAST, PRESENT, AND FUTURE. 8yo. . . . $2 50 

PRINCIPLES OF SOCIAL SCIENCE. 8 Tolumas 8to., cloth 
$10 00 

REVIEW OF THE DECADE 1857— '67. 8to., paper 88 

RECONSTRUCTION: INDUSTRIAL, FINANCIAL, AND PO- 
LITICAL. Letters to the Hon. Henry Wilson, U. S. S. 8yo. 
paper . , 38 

THE PUBLIC DEBT, LOCAL AND NATIONAL. How to 
provide for its discharge while lessening the burden of Taia- 
tion. Letter to David A. Wells, Esq., U. 8. Revenue Commia- 
aioD. 8to., paper 25 

THE RESOURCES OF THE UNION. A Lecture road, Dec. 
18G5, before the American Geographical and Statistical So- 
ciety, N. Y., and before the American Association for the Ad- 
vancement of Social Science, Boston ... 25 

THE SLAVE TRADE, DOMESTIC AND FOREIGN; Why it 
ExiatB, and HowitmaybeExtingoished. I2mo., cloth $1 50 
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8 HENRY CAREY BAmD'S CATALOGUE. 

THE WAT TO OOTDO ENGLAND WITHOUT FIGHTING 
HER. Letters to the Hon. Schajler Colfax, Speaker of the 
House of KepreseDtatives United States, on "The Paper Ques- 
tion," "The Farmer's Questioa," "The Iron QucsHod," "The 
Railroad Qneation," and "The Currency Question," 8to., 

rtHEVALIEB.-THE PHOTOGBAPHIC SUTDEKT, 

A Complete Treatise on the Theory and Practice of Photo- 
graphy. Traaslatad from the French of A. Chetalieb. Il- 
lustrated by numerous engravings, (In press.) 

flLOnGH— THE CONTEACTOE'S MANUAL AND BDILDEH'S 

^ PKICE-BOOK : 

Designeii to elucidate the mettiod of ascertaining, correctly, 
the value and Quantity of every deaoription of Work and IMo,- 
terials nsed in the Art of Building, from their Prime Cost in 
any part of the United States, eoUected from eitensLve expe- 
rience and obseivation in Building and Designing ; to which 
are added a lai'ge variety of Tables, Memoranda, etc, india- 
peusahle to all engaged or concerned in erecting buildings of 
any kind. By A. B. Ciocon, Architect, 24mo., cloth 75 

nOIBUEN.— THE GAS-WOBKS OF LONDON ; 

^ Comprising a sketch of the Gas-works of the cily, Process of 
Manufacture, Quantity Produced, Cost, Profit, etc. By Zbrah 
CoLBUBS. 8to., cloth T5 

rtOlBUEH,— THE LOCOMOTIVE ENGINE: 

Including a Description of its Structure, Bales for Estimat- 
ing its Capabilities, and Practical Observations on its Construc- 
tion and Management. By Zekah CotEUKS Illuth ited. A 
now edition. 12mo. ... ?1 25 

pOLBDEK AND MAW,— THE WATES- WORKS OF LONDON: 

^ Together with a Series of Articles on vaiKUS other Water- 
works. By Zerah Colbubn and W. Maw Reprinted from 
"Engineering," In one volume, 8tO, ?4 00 

TJAQUEREEOTYPIST AHD PHOTOQBAPHEE'S COMPANION: 

■^ 12aio., cloth $1 25 

■nAVIS,— A TREATISE ON HABHESS, SADDIEB, AND BEI- 

■^ DLES ; 

Their History and Manutaoture from the Earliest Times down 
to the Present Period. By A. Davis, Practical Saddler and 
Hornesa Maker. (In press, J 
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FENET CAREY BAIRD'S CATALOGUE. 

■n^SSOTE.— STEEI, ITS MANUFACTCBE, PEOPESTIES, AND 

" USE. 

B3' J. B. J. DES90TK, Mauufiiolurer of Steel; with an lutro- 
duetiOQ and Notes by Ed. Gkaten, Engineer of Mines. 
Translftt«d from the Frencli. InoneTolume, 12mo. (in press.) 

TIIECKS,— PEEPETUAL MOTIOH: 

^ Or Search for Self-Motive Power during the 17th, 18th, and 
]0th centuries. Illustrated from various aothentio Bonrccs in 
Papers, Essnja, Letters, Paragraphs, and numerous Patent 
Specifications, with an lolroductorj Essay by Hekri Dibcks, 
C. E. Illustrated by namerous engravinga of mauhines. 
12mo., cloth $3 50 

TlIXON,— THE PEACTICAI MILLWBIQHT'S AUD EHGIHEER'S 

■^ GUIDE : 

Or Tables for Finding the Diameter and Power of Cogwheels ; 
Diameter, Weight, and Power of Shafts ; Diameter and Streogth 
of Bolts, etc. etc. By Thomas Dixon. 12ino., clotli. $150 

TJOKCAN—PEAOTICAl SDEVEYOK'S GUIDE: 

Containing the necessary information to make any person, of 

common capacity, a finished land surveyor without the aid of 

a teacher. By Andbew Duncan, Illustrated. 12mo., cloth. 

$1 25 

■nOSSADCE,— A HEW AND COMPLETE TEEATI8E OR THE 

■^ ARTS OF TANNIHG, CDRETIBG, AKD LEATHER DRESS- 
IMG: 

Comprising all the Discoveries and Improvements made in 
France, Great Britain, and the United States. Edited from 
Notes and Documents of Messrs. Sallerou, Grouvelie, Duval, 
Dessables, Labarraque, Payen, Reo^, De Fontenelle, Mala- 
peyre, etc. etc. By Prof. H. Dussaucb, Chemist. Illustrated 
by 212 wood engravings. 8vo $10 00 

•nUBSAUCE—A GENERAL TEEATISE ON THE MANUFACTURE 

■^ OF EVERT DESCRIPTION OF SOAP: 

Comprising the Chemistry of the Art, with Remarks on Alka- 
lies, SaponiSable Fatty Bodies, the apparatus necessary in a 
Soap Factory, Practical lustniotiona on the manufacture of 
the various kinds of Soap, the assay of Soaps, etc, eto. Edited 
from notes of Larm^, Fontonello, Malapeyre, Dufour, and 
others, with large and important additions by Professor H. 
DcssAircG, Chemist, Illustrated. In one volume, 8vo. (In 
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10 HENRY CARET BAIRD'S CATALOGUE. 

TJUS8ADCE.— A PRACTICAL GUIDE FOE THE PESFUMEB; 
Being a Kew Treatise on Perfumery the meet favorable to the 
Beaut; without being injurious to the Health, compriBing a 
DesoriptioQ of Uie aubslanoea aaed in Pecfumerj, the Form- 
nlse of more than one thousand Preparations, such as Cosine- 
tioa, Perfumed Oils, Tooth Powders, Waters, Extracts, Tino- 
turea. Infusions, Vinaigres, Essential Oils, Pastels, Creams, 
Soaps, and many new Hygienic Produota not hitherto described. 
Edited from Notes and Documents of Messrs. Debay, Lunel, 
etc. With additioDS by Professor H. Ddssaoce, Chemist. (In 
press, shortly to he issued,) 
|TJS8AUCE,— PRACTICAL TEEATISE OH THE PABBICATIOK 
OF MATCHES, QDN COTTOH, AND FTJLMINATIITO FOW- 



D' 



By Professor H. DuasAUCE. 12mo. . . . $3 00 

TtUSSATTCE.— TREATISE OH THE COLOSINC) KATTEI^ DE- 

■^ EIVED FSOK COAL TAE ; 

Their Practical ApplioatioQ in Dyeing Cotton, Wool, and Silk; 
the Principles of the Art of Dyeing and of the Distillation of 
Coal Tar, with a Description of the most Important Hew Dyes 
now in use. By Prof. II. Ddssaoce. 12mo. . $3 00 

T\YEB AHD COLOB-HABIER'S COUPAITIOH : 

Containing upwards of two hundred Keceipts for mating Co- 
lors, on the most approved principles, for all the various stylos 
and fabrics now in eiistenoe ; with the Scouring Process, and 
plain Directions for Preparing, Washing-off, and Finishing the 
Goods. Iftone vol. 12nio. .^ . . . . $1 25 

pASTOH,— A PRACTICAL TEEATISE OH STREET OR BOESE- 

■" POWER RAILWAYS : 

Their Location, Construction, and Management ; with General 
flans and Rules for their Organization and Operation ; toge- 
ther with Examinations as to their Comparative Advaiitagea 
over the Omnibus System, and Inquiries as to their Value for 
Investment; including Copies of Municipal Ordioanees relat- 
ing thereto. By Alexandek EAaroK, C. E, Illustrated by 28 
plates, Svo., cloth $2 OO 

■TENI.-COAL OIL AHD PETEOLEITM : 

Their Origin, History, Geology, and Chemistry; with aview of 
their importance in their bearing on National Industry. By 
Dr. Hekri Ehni, Chief Chemist, Department of Agriculture. 
I2mo ¥2 50 
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HENRY CARET BAIKD'S CATALOGUE. 11 

pairi.— THE THEOSETICAL AND PBACTICAl CHEMISTIIT Of 
■" FERMEllTATIOH : 

Comprisiag the Chemistrj of Wine, Beer, Diatilling of Liquori; 
■with the Practical Methods of tliulr Chemical Esaminatioo, 
Preaertation, and Improvement— Buoh as Qallizing of Wines. 
With an Appendii, containing well-tested Practical Rules and 
Receipta for the manufactnre, etc., of all kinda of Alcoholic 
Liquors. Bj Hbhry Ekhi, Chief Chemlat, Department of 
Agriculture. (In press.) 
■pAISBAIRN.— THE PHIITCIPLES OF MECHANISM AND HA- 
■^ CHINERY OF TBAHSMISSIOH : 

Compriaing the Principles of Mechanism, Wheels, and Fulleya, 
Strength and Proporliona of Shafts, Conplings of Shafts, and 
Engaging and Disengaging Gear. By William Faiiiiiaiem, 
Esq., C. E,, LL. D., F. E. S., F. G. S., Correaponding Member 
of the National Institute of France, and of the Rojal Aoademy 
of Turin ; Chevalier of the Legion of Honor, etc. etc. Beau- 
tifully illustrated by over IfiO wood-outs. InoneTolumel2mo. 
$2 60 
■PAIEBAIRN.— PHIMB-MOVEES : 

■'■ Comprising the Accumulation of Water-power; the Conslmc- 
tion of Water-wheels and Turbines; the Properties of Steam; 
the Varieties of Steam-en^nes and Boilera and Wind-milla. 
By William Faikbaibn, C. E , LL. Dy F. R. S., F. G. S. Au- 
thor of "Pricciplesof Mechanism and the Machinery of Traoa- 
mission." With Humeroas Illustrations. In one volume. (In 
press.) 

FLAMM.— A PEACnCAL GUIDE TO TSE COHSTErCTIOH OF 
ECONOMICAL BEATIHO APPIICATIOHS FOR SOLID AND 
GASEOUS FUELS: 

With the Application of Concentrated Heat, and on Waste 
Heat, for tie Use of Engineers, Architects, Stove and FurnaoB 
Makers, Manufacturers of Fire Ericli, Zinc, Porcelain, Glasa, 
Earthenware, Steel, Chemical Products, Sugar Refiners, Me- 
tallui^ists, and all others employing Heat. By M. Pierre 
FliAMM, Manufacturer. lUuBtrated. Translated from the 
French. One volume, 12mo. (In press.) 

GIIBAET,— A PRACTICAL TREATISE OH BANKING; 
By James William Gilb.^ut. To which is added: Tbr Na- 
TiONAL Bank Acr in now (18(i8) in fokoe. 8vo. *1 50 



d^vGoogle 



HBNET CAREY BAIItD'S CATALOGUE. 



lustrated by twenty-three large aud beautifully eogravBd 
plates. Oblong $3 00 



& 



By E. 15. Gbabt. 12mi> $1 25 

^UEGORT.— MATHEMATICS FOR PEACTICAl MEN i 

Ailapted to tlio Pursuits of Surveyors, Archlteota, Mechaniea, 
and Civil Eogineers. Ej OuNTHna Gueooby. 8to., plntea, 
olotL $3 00 

.SISWOLD.— RAILROAD EUTOINEEB'S ?OCEET COMFAIHOK. 

Comprising Kules for Calculating Deflection Distances and 
Angles, Tangential Distances and Angles, and all Necessary 
Tables for Engineers; also the art of Levelling from Prelimi- 
nary Survey to the Construction of Railroads, intended Ei- 
pressly for the Young Engineer, together with Hunierous Valu- 
able Eules and Examples. By Yi. Quiswold. 12mo., tucka. 
$1 25 



pcrties, their Preparation, Composition, and Uses. Translated 
from the French of A, Guettiek, Engineer and Director of 
Founderies, autbor^f " La Fouderie en France," etc. etc. By 
A. A. Fesodet, Chemist and Engineer. In one volume, 12mo. 
(In press, shorlly io be pablished.) 

[TATS ABO FEIIIBO : 

A Praetioal Treatise on their Manufacture. By a Practical 
Hatter. lliustraWd by Drawings of Macliinery, Sic,, 8vo. 

CTAY.— THE INTEBIOB DECORATOR : 

'^ The Laws of Harmonioua Coloring adapted to Interior Decora- 
tions; with a Practical Treatise on House-Painting. By D. 
R. Hat, Hocse- Painter and Decorator. Illustrated by a Dia- 
gram of the Primary, Secondary, and Tertiary Colors. 12mo. 
$2 25 



=,Cax>i^Ic 



HENRY CAEEY BAIRD'S CATALOfl0B. 13 

TTiriJT.— THE PBACIUB OF PHOTOGBAPHY. 

By RoBEKT riusT, Vico- President of the I'hotograpKo Society, 
JjDndon, witli numerous illustratione. 12nio., cloUi . 73 

TTnBST.~A HA:n)-B0OE FOB ASCHIIECTITBAL SUBVET0B3 : 
Comprising FormulEO useful in Designing Builder's nork, Table 
of Weights, of the materials used in Building, Memoranda 
connected nith Buiidera' wort, Mensuration, the Practice of 
Builders' Measurement, Contracts of Labor, Valuation of Pro- 
perty, Summary of the Practice in Dilapidation, etc, elo. By 
J. F. HoBST, C. E. 2d edition, pooket-book form, fuU bound 
$2 50 

TEEVIB.— BAILWAT PBOFESTY: 

A Treatise on the Constructioti and Management of Bailvajs ; 
designed to afford useful linonledge, intbepopularstyle, to the 
holders of this class of property; as well as Railway Mana- 
gers, Officers, and Agents. By John B. Jbrvis, late Chief 
Engineer of the Hudson River Railroad, Croton Aqueduct, &c 
One Yol. V2mo., cloth $2 00 

TOHHS01I,~A BEPOBT TO THE HATY DEPAETMEMT OF THE 

" XTHITED STATES OK AMEEICAS COALS : 

Applicable to Steam Navigation and to other purposes. By 
Walteb. R. Johmsob. With numerous illuslraljons. 607 pp. 
8to., half morocco $6 00 

3 of 

American and Foreign Coals. By Walter R. Johnson, Cisil 
and Mining Engineer and Chemist, 8to. . . , $3 00 

TOHITSFOIT.— IITSTBOOTIOKS FOB THE ANALTSIS OF SOILS, 

" IIMESTOHES, AMD HAJHTEES, 

By J. W. P, Johnston. 12mo 38 

gEEHE.— A HAKD-BOOK OP PBACTICAI GATJGIHO, 

For tbe Use of Beginners, to which is added A Chapter on Dis- 
tillation, describing the process in operatioD at the Custom 
House for ascertaining ibe strength of wines. By James B. 
Keene, of H. M, Customs. 8vo. . . . . $1 M 

ITEiniSH.— A TREATISE OB A BOX OP mSTBIIHERTS, 

And the Slide Rule; with the Theory of T^igonome^ry and Lo- 
garithma, including Practical Geometry, SurTeying, Measur- 
ing of Timber, Cask and Malt Gouging, Heights, and Distances. 
By Tbomas Eentjsh. la one volume. 12ma. . $1 25 
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trOBELL.— ERHI — 3IIHEEAL0QY SIMPUFIED : 

A short metliuJ of Uetenniiiiiig nnd Classirjing Minernls, by 
meanfl of simple Chemical Esperimenta in the Wet Way. 
Translated from the last German Bdidon of F. Von Kobell, 
■with an Introduction to Blowpipe AnaljEis and dthcr addi- 
tions. By Hehhi Erni, M, D., Chief Chemist, Department of 
Agricultnre, author of "Coal Oil and Petroleum." In one 
Tolume, 12mo $2 50 

]■ AFFINEUE.— A PBACTICAI GUIBE TO HYDBAULIC8 FOB 

^ TOWN AND CODHTET ; 

Or a Complete Treatise on the Bnildiag of Condnita for Water 
forCiliea, Towns, Farms, Country Residences, Workshops, etc. 
Comprising the means neeessary for obtaining at all timea 
abundant supplies of Drinkable Water. TraoBlated from 
the French of M. Jules LAFiisEtR, C. E. Illustrated. (In 
press. } 



Contaiuing the various Systems in use with Practical Informa- 
tion OQ the Dimensions necessary for Shafts, Journals, Arms, 
eto., of Water-wheels, etc. etc. Translated from the French 
of M. JiTLES Laffinkuh, C. E. Illustrated by numeroua 
plates. (In press.) 

T AHDRIH,— A TEEATISE ON STEEL: 

Comprising the Theory, Metallurgy, Practical Working, Pro- 
perties, and Use. Translated from the Frencli of II. C. Lan- 
ERiN, Jr., C. E. By A. A. Fescdet, Chemist and Engineer. 
Illastrat^d. 12mo. (In press.) 



A Concise Treatise on Brass Foumiing, Moulding, the Metals 
ond their Alloys, etc. ; to which are adiled Recent Improve- 
menta in the Manufacture of Iron, Steel by the Bessemer Pro- 
cess, etc. etc. By James Larrih, late Conductor of the Brass 
Foundry Department in Keany, Neafie & Co.'s Pcnn Works, 
Philadelphia. Fifth edition, revised, with Extensive addi- 
tions. In one volume, 12mo $i! 25 
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in -Bhich it is found, the Methods of Preparation and Macu- 
factare, and the Tnrions Uses to which it is applicable; toge- 
ther with many other matters of Practical and Scientific Inte- 
rest. To which is added a cliapt«r on the Utilization of Coal 
Dugt with Peat for the Production of an Eicellent Fuel at 
Moderate Cost, especially adapted for Steam Serrioe. By II. 
T. Leavitt. Tliird edition. 12mo. . . $1 75 

T EEODX.— A PEACnCAL TEEiTISE OH WOOLS AND WOE- 
^ STED3 ; 

Translated from the French of Chables Lerodx, Meolianieal 
Engineer, and Saperintendent of a Spinning Mill. Illastrated 
by 12 largo plates and 34 engravings. In one volume 8to. 
(In press, skoTlly to he published.} 
TE8LIE (HISS).— COMPLETE COOKEBT ! 

Directions for Cookery in its Various Branches. By Miss 
Leslie. 58th thousand. Thoroughly revised, with the addi- 
tion of New Receipts. In 1 vol. l-2mo., cloth . . $1 25 
TESLIE (MISS). LADIES' HOVSE BOOS: 
^ ft Manual of Domestio Economy. 20th revised edition, 12iqo., 

clolk $1 25 

TESLIE (MISS),— TWO HUNDEED EECEIPT8 IN FEENCH 
•'-' COOKEBY. 

12mo 50 

T lEBEB,— ASSAYEE'S GDIDE : 

Or, Practical Directions to Assayers, Mirers, and Smelters, for 

the Tests and Assayn, by Heat and by Wet Processea, for the 

Orea of all the principal Metals, of Gold and Silver Coins and 

Alloys, and of Coal, etc. By Oscau M. Lieeeb. 12n)0., cloth 

fl 25 

T OVE.— THE AET OF DYEING, CLEASISB, SCOUEING, AND 

■'-' FINISHIHG ; 

On the most approved English and French methods ; being 
Practical Instructions in Dyeing Silka, Woollens, and Cottons, 
Feathers, Chips, Straw, etc.; Scouring and Cleaning Bed and 
Window Cnrtaina, Carpets, Rugs, etc.; French and Englisli 
Cleaning, any Color or Fabric of Silk, Satin, or Damask. By 
Thomas Lotb, a Working Dyer and Soourar. In 1 vol. 12mo. 
$3 00 
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Aad Esamination Papers; with Hiiita for their Solution. By 
THOuaa J. Main, Professor of Mathematics, Royal Naval Col- 
lege, and Teiomas Brown, Chief EcglDeer, E. N. 12mo,, ctoth 
SI 50 

TlffAIH AKDBBOWH— T£[E ISDICATOB ASD DYHAMOMETEE; 

■^ With their Praelical Applications to the Steam-Eogiue. By 
Thomab J. Mmk, M. a. p. R., Ass't Prof. Royal Naval College, 
Portsmouth, and TiioMas Bnows, Assoc. Inst. C. E., Chief En- 
gineer, R. N., attached to the R. N. College. Illustrated. 
From the Fourth London Edition. 8vo. . . . $1 50 

iwr&iir Airs BE<fwii.— the iiakiiie steas-enbibe. 

^^ By TiioMAS J. Main, F. R. Aas't S. Mathematical Professor at 
Rojal Naval College, and Thomas Brown, Assoc. Inst. C. E. 
Chief Engineer, R. N. Attached to the Royal Naval College. 
Authors of " Qnestions connected with the Marino Steam- En- 
gine," and the "Indicator and Dynamometer." With nume- 
rous IllustratlonB. In ono volume, 8yo. . . ■ ¥5 00 

TlirAKIlIS.— A MAITDAL OF METAI.HJSGY: 

More particularly of the Precious Metala: including the Meth- 
ods of Assaying them. Illustrated by upwards of 50 Engrav- 
ings. By Geohqe IloaARTii Maeihs, M. R. C. S., F. C. S., one 
of the Aasayers to (he Bank of England, Assayer to the Anglo- 
Meiican Mints, and Lecturer upon Metallurgy at the Dental 
Hospilal, London. In one volume, ]2!no. . . $3 GO 

1\fflETIK— aCKEW-CUrriKO TABLES, FOR THE ITSE OF KB- 

■""■ CHAKICAL ENGINEERS : 

Showing the Proper Arrangement of Wheels for Culting the 
Threads of Screws of any required Pitch; with a Table for 
Making the Universal Gas-Pjpe Thread and Taps. By W. A. 
Martin, Engineer. 8yo 50 

-KJTILES.—A PLAIN TREATISE ON HOBEE-8E0EINO. 

■'*'■ With iiluslrations. By William Miles, author of "Tho 
Horse's Foot," SI 00 

TUT J LE 3 WORTH. POCKET-BOOK OF USEFUL FOKMULS; AND 

■'*'■ HEMOBANDA FOB CIVIL AND MECHANICAL EMGI- 
BEEES. 

Civil Engineers, Chief Resident Engineer of the Ceylon Rail- 
way- Second American, from tho Tenth London Edition. In 
one volume, full bounl in pocket-book form . . $2 00 
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a Book of llelerenoe for Judges, Lawyers, Magistiateg, and 
othera. By J. G. Mooee, 12ino., cloth . . $1 25 

JJTDaEAD.— PBACTICAI GUIDE FOK THE JEWELLER, 

In llie Applioatioa of Harmony of Colors in tho Arrangement 
of Preoioua Stones, Gold, eto., from tho French of M. L. llo- 
KEAn, Jeweller and Designer. Illustrated. (In press.) 

JTAPIER.— CHEMISTEY APPILED TO DYEING. 

By JflMES Napiek, F, C. S. A new and revised edition, 
brought down to the present oondition of tho Art. IlluBtrated. 
(I., press.) 

■M-APIER.— i XANTTAXOr DTEIKO KECEIPTS POE GENERAL 

" USE. 

By James Napiee, F. C. S. With J^umerous Patterns of Dyad 

Cloth and Silk. Second edition^ revised and enlarged. 12mo, 

$i 75 

JTdPIER.— MANUAL OF ELECTRO-METALIDItGY : 

Ineluiling tha Application of the Art to Man ufaetn ring Pro- 
cesses. By James Napier. Fourth American, from tho 
Fourti London edition, roviaeil and enlarged. Illustrated by 
engraviQES. In one volume, 8to $2 00 

■KTEWBEET. — GLEANINQS FBOM ORHAMESTAl ART OF 

" EVERY STYLE ; • 

Drawn from Esamples in the British, South Kensington, In- 
dian, Crystal Palace, and other Museums, the Eihibidons of 
1851 and 1862, and the best EngHsh and Foreign works. In 
a series of one hundred eiquiaitely drawn Plates, containing 
many bandred esamples. By Robert Newbekt. Ito. 915 00 

■mcHOLBON.— A MAITOAL OF THE ART OF BOOK-BIHDIHG: 
Containing full instructions in the different Branches of For- 
warding, Gilding, and Finishing. Also, the Art of Marbling 
Book-edges and Paper. By James B. Nicholson, Illus- 
trated. 12mo., cloth $2 25 

■M-OEEIS.— AHAND.BO0KF0RLOCOM0TITEENGIHEEESAND 

■^' MACHINISTS ! 

Comprising the Proportions and Calcalations for Constructing 
Locomotives ; Manner of Setting Valves ; Tables of Squares, 
Cubes, Areas, eto. et^i. By Septimus TJokris, Civil and Me- 
chanical Engineer. New edition. Jllustrated, 12ma., elotb 
$2 00 
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For Navnl and Murine Engineers. By John W. Nystbom, lnt( 
Acting Chief Engineer U. 8. N. Second edition, reTised wirt 
additional matter. Illustrated by seren engravings. I2nio. 



Including Sillien, Woollen, and Mixed Goods; Practical and 
Tlieoretical. By CBaKma O'Neili,. (In press.) 

A'lTEILt,— i SICTIOlfABT OJ CALICO PEINTIHO AND DYE- 

^ IHO: 

Containing a Brief Account of all the Snbstauces and Proaesses 
in Use in the Arts of Printing and Dyeing Test!le Fabrics; witli 
Practical Receipts and Scientific Information. By Chables 
O'Neill, Analytical Chemist, Fellow of the Chemical Society 
of London, etc. etc. Author of " Chemistry of Calico Print- 
ing ami Djeing." Bvo.. (In press.) 

nVEEMAH— OSBOEN.— THE MAHTrPAClTIEE OE lEOH IK ALL 

" ITS BSAMCHE3: 

Inclnding a Practical Description of the yarious Fuels and 
their Values, the Nature, DetermiDation and Preparation o€ 
the Ore, the Erection and Management of Blast and other Fur- 
naces, the eharacterisdo results of Working by Charcoal, 
Coke, or Anthracite, tlie ConTorsion of the Crude into the Ta- 
lious kinds of Wrought Iron, and (he Methods adapted to this 
end. Also, a Description of Forge Hammers, Boiling MlUa, 
Blast Engines, &c. &c. To which Is added an Essay oa the 
Manufacture of Steel. By Fsedebick Ovebman, Mining En- 
gineer. The whole thoroughly reTlsed and enlarged, adapted 
to the latest Improrements and DisooTeries, and the particular 
type of American Methods of Manufacture. With Tarious 
new engravings illustrating the whole subject. By H. 8. Os- 
EOBN, LL. D. Profossor of Mining and Metallurgy in Lafay- 
ette College, In one volume, 8vo, (In press.) , $10 00 

pUNTEK, aiLDEB, AISD VAKNISHEK'S COUPAKIOS : 

Containing Rules and Regulations in everything relating to 
the Arts of Painting, Gilding, Varnishing, and Glass Staining, 
with numerous useful and -valuable Receipts; Tests for the 
Detection of Adulterations in Oils and Colors, and a statement 

of the Diseases and Accidents to which Painters, GUders, aod 
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VarDishers are parlioulaclj liable, with tiie Eimplest metJiods 
of Prevention ana Remedy. With Direotiona for Graining. 
Marbling, Sign Writing, and Gilding on Glass. To which are 
added Complete Instbuctioks foe Coach Paintinq and Vae- 
KisHiNO. 12nio,, cloth . . ... 81 50 



By Hehry I'Ar.LETT. Illustrated. In ono vol. 12iiio. $3 00 

pSEEINS,— BiS AITD VEHIILATIOir. 

Practical Treatise on Gaa and Ventilation. With Special Re- 
lalioa to Illuminatitig, Heating, and Cooking by Oa,a, Includ- 
ing Scieotific Helps to Ensineer-stuiicntB and others. With 
illustrated Diagrams. BjE. E. Perkins. ISmo., cloth $125 

pEBEIBS AHD STOWE.— A NEW ftDIDE TO THE SHEEI- 

■'• lEOH AHD BOILEE PI.AtE ROILEB : 

Containing a Series of Tablos showing the Weight of Slabs and 
Piles to Produce Boiler Plates, and of the Weiglit of Piles and 
the Sizes of Bars to produce Sheet-iron; the Thickness of the 
Bar Gauge in Decimals ; tho Weight per foot, and the Thick- 
ness on the Bar or Wire Gauge of the fraciional parts of an 
inch; the Weight per sheet and ihe Thioknesa on the Wire 
Gauge of Sheet-iron of various dimenaiona to weigh 112 lbs. 
per bundle ; and the converiion of Short Weight into Long 
Weight, and Long Weight mto Short Estimated and collected 
by a, H. Perkins and J. <j hrowE . . $2 &0 

pHILLIPS AND DABLINOIOir.— BECOEDS OF MIHING AND 

Or Facts and Memoranda for the use of the Mine Agent and 
Smelter. By J. Arthur PniLLiPfl, Mining Engineer, Graduate 
of the Imperial School of Mines, France, etc., and John Dah- 
LiMGTON. Illustrated by numerous engraTlngs. In one vol- 

-A COMPIETE 

Containingnoticosof the Ran Material used in the Art, and tie 
Best Formulfe. According to the most approved Methods fol- 
lowed in France, England, and the United States. By M. 
P. Pradal, PerfnmerChemlst, and M. F. Malepevre. Trans- 
lated from the French, with eitensive additions, by Professor 
H. DuesAUCE. 8to JIO 00 



d^vGoogle 



HENRY CARET liAniD'S CATALOGUE. 



By A. Pkoteaux, CiTil En^neer, and Gra<iuate of the School 
of Acts and J[aniifactureB, Director of Thiers's Paper Hill, 
'Puj-dH-Domi. With additionB, by L. S. Lb Normand. 
Translated from the French, nith Notes, by IIobatio Paine, 
A. B., M. D. To which is added a Chapter on the Manufno- 
turo of Paper from Wood in the United States, by Hekbt T. 
Browb, of the "American Artjsan." Illastratad by sis ph 
containing Drawings of Raw Materials, Machinery, Plans of 

Paper-Milis, etc. etc. 8to $0 00 

fJEGTIADLT.^ELEMENrS OF CHEMISTBT. 

■" By M. V. REdNAULT. Translated from the French !iy T. 
FoBKEST Bettos, M. D., and edited, with notes, by James C. 
Booth, Melter and Refiner U. 8. Mint, and Wm. L. Pabeb, 
Metallnrgist and Mining Engineer. Illuatrated by nearly 700 
wood engravings. Comprising nearly 1500 pages. In two 
Yoluraea, 8to., cloth $10 00 

QELLER3.— THE COIOB KIXER: 

Containing nearly Four Hundred Reeeipts for Colors, Postee, 
Acids, Pulps, Blue Vats, Liquors, etc. etc., for Cotton and 
Woollen Goods: including the celebrated Barrow Belaine Co- 
lors. By John SuLtEKS, on eipcrienced Practical Workman. 
In one volume, 12mo $2 50 

OHUNK— A PRACTICAL TREATISE OK KAILVAT CDBVES 

*^ JVNB LOCATION, FOB YOUNG ENGINEERS. 

liy Wm. F. ShuNH. Civil Engineer. 12mo, . . $1 50 

OltEATOIf— BUILDER'S POCKET COKPAHIOK: 

Containing tbo Elements of Building, Surveying, and Archi- 
tecture; with Practical Rules and Instructions connected with 
the subject. Dy A. C. Smeaion, Civil Engineer, etc. In 
onevolumc, 12mo §1 25 

OMITH.— THE DYER'S INSTRDCTOK : 

^ CoBipriaing Practical Instructions in the Art of Dyeing Silk, 
Cotton, Wool, and Worsted, and Woollen Goods: containing 
nearly 800 Receipts. To which ia added a Treatise on the Art 
of Padding; and the Printing of Silk Warps, Skeins, and 
Handkerchiefs, and the vaiioua Mordants and Colors for tlie 
different styles of Buch Work. By David Smith, Pattern 
Dyer. 12mo., cloth $3 00 
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OMITH.— PARKS AND PLEASDEE GaOTTMDS : 

Or PraBtical Notes on Counlrj Reeideuoes, Villas, Public 
Parka, and Gardens. By CnARLES H. J, Smith, Landscape 
QanJenprimd Garden Architect, etc. etc. 12ino. . $2 25 



Comprlamg the Rudimenfa and Principles of Cabinet- making 
and Upholstery, with Familiar Instructions, Illustrated by Ex- 
amples for attainiDg a Proficiency in the Act of Drawing, as 
applicable to Cabinet-work; The Processes of Veneering, In- 
laying, and Buhl-work ; the Art of Dyeing and Staining Wood, 
Eone, Tortoise Shell, etc. Directions for Lackering, Japan- 
ning, and Varnishing; to make French Polish; to prepare the 
Best Glues, Cements, and Compositions, and a number of Re- 
ceipts particularly for workmen generally. By J. Stokes, la 
one vol, 12mo. With illustrationa . , . . $1 25 

OTBENQTH AITD OTHER PBOPEBTIES OF KETAL3. 

Eeports of Experiments on tbo Strength and other Proper- 
ties of Metals for Cannon. With a Description of the Machines 
for Testing lletals, and of the Classification of Cannon in ser- 
vice. By Officers of the Ordnance Department U. S. Army, 
By authority of the Secretary of War. Illustrated by 25 large 
steel plates. In 1 vol. quarto $10 00 

fJlABIES SHOWING THE WEIGHT OF EOHHD, SftUABE, AND 

^ FLAX BAR IRON, 6TEEL, ETC., 

By Measurement. Cloth ...... 63 

rrATLOK.— STATISTICS OF COAL: ■ 

Including Mineral Bituminous Substances employed in Arta 
and Manufactures; with their Geographical, Geological, and 
Commercial Distribution and amount of Production and Con- 
Bumption on the American Continent. With Incidental Sta- 
tistics of the Iron Mauufaciure, By R. C. Tatlos. Second 
edition, reTised by S. S. Haldeman. Illustrated by five Maps 
and many wood engravings. 8vo., cloth . . . $8 00 

pEHIFLETOH.- 

lND the I 

With InstructJTe References relative thereto, for the Use of 
Eii^neers, Students, and others. By Wm. Teupleton, Engi- 
neer. 12mo $1 25 
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